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TiiK  DiAsTATic  Action  of  Saliva,  as  Modified  by  various 
C^oNDiTiONs,  Studied  Quantitatively.  By  11.  H.  Cuittendbn 
AND  Herbert  E.  Smith,  M.D. 

The  chemical  changes  resulting?  from  the  action  of  unorganized 
ferments  are  among  the  most  interesting  and  important  of  those 
which  occur  in  the  animal  organism.  Ferment  action  plays  such  an 
important  part  in  tlie  chemical  processes  incident  to  life  that  definite 
knowledge  of  the  conditions  favorable  and  inimical  to  the  action  of 
any  ferment  occurring  in  the  animal  body  must  necessarily  be  of 
great  physiological  value. 

Since  Leuchs  in  1831  discovered  the  diastatic  action  of  saliva 
much  has  been  learned  regarding  this  digestive  fluid,  both  as  to 
its  chemical  action  and  the  nature  of  the  products  formed.  Still 
there  has  been  lacking,  until  recently,  definite  knowledge  of  the 
conditions  which  influence  the  diastatic  action  of  the  salivary  fer- 
ment, and  it  has  been  the  object  of  the  present  investigation,  taking 
advantage  of  previously  acquired  knowledge,  to  ascertain  the  exact 
influence  of  those  conditions  which  suggest  themselves  as  being  most 
important  in  view  of  the  destination  of  the  ferment,  and  concerning 
which  there  has  been  of  late  a  lack  of  agreement. 

Method  vsed  in  detenninivg  tJie  rate  of  diastatic  a>ct%on. 

In  testing  the  rate  of  action  of  the  salivary  ferment  we  have  in  all 
cases  emj)l()yed  quantitative  methods,  similar  in  their  general  nature 
to  those  previously  used  by  one  of  us.*  The  amount  of  reducing  sub- 
stances formed  by  the  amylolytic  action  of  the  ferment,  which  for  the 
sake  of  convenience  we  have  calculated  as  dextrose,  admit  of  accurate 
determination  by  means  of  the  improved  Allilm'sf  method,  and  thus 
enable  ns  to  give  a  concise  expression  of  the  relative  diastatic  action, 
even  in  those  cases  where  the  diff^erences  are  very  slight.  As  recent 
exj)erinientsj  have  plainly  indicated,  the  ultimate  product  of  the  dias- 


*  Chittenden  and  Griswold,  Anier.  Chem.  Jour.,  lii,  305.  Chittonden  and  Ely,  ibid, 
iv,  107. 

f  Zeitschrift  fur  analytischo  Cliemie.  22  Jahrgang,  p.  448. 

J  V.  Mering  and  Musculus.  Zeitschrift  fiir  physiologisclie  Chemie,  i,  395.  O.  Sulli- 
van and  K.  Schultze,  Boriclite  d.  deutsch.  Chom.  Gesell.,  vii.  1047.  Musculus  and 
Grubcr,  Zeitschrift  fiir  physioiop:.  njciuie,  ii,  177.  v.  Mering,  Zeit'»chrift  fiir  physi- 
olog.  Chem.,  v,  IDG. 

Trans  Conn.  Acad.,  V^ol.  VI.  43  Marcu,  1885. 
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tatic  action  of  ptyalin  is  dextrose.  The  sugar  intermediate  between  this 
body  and  the  dextrins,  and  which  is  formed  in  much  larger  quantity 
is  maltose,  with  a  relative  reducing  power  of  66  as  compared  with 
dextrose,  100;  while  the  achroodextrins  and  other  intermediate  pro- 
ducts have  very  small  reducing  power.  Consequently  the  reducing 
power  of  a  digestive  mixture  must  necessarily  express  the  relative 
diastatic  action  of  the  ferment  present,  since  increased  action  means 
an  increased  formation  of  reducing  bodies,  of  which  the  final  product 
has  the  highest  reducing  power.  In  this  connection  it  is  well  to  re- 
member that  diastase  and  ptyalin  both  convert  only  a  limited  quan- 
tity of  starch  into  sugar  or  reducing  bodies,*  and  that  no  matter  how 
great  the  excess  of  ferment  or  the  length  of  time  the  action  is  con- 
tinued, the  percentage  of  starch  changed  into  sugar  does  noi  ordi- 
narily exceed  63  per  cent.f  The  general  method  employed  in  our 
work  for  testing  the  diastatic  action  of  saliva  was  as  follows:  the 
volume  of  the  digestive  mixture  was  in  every  instance  100  c.  c; 
the  amount  of  starch^  present  1  or  2  grams,  previously  boiled  in 
a  definite  amount  of  water  ;  the  temperature  of  digestion  38-40°  C. ; 
the  length  of  time  generally  30  minutes.  When  the  digestion  was 
finished,  diastatic  action  was  at  once  stopped  by  boiling  the  mix- 
ture ;  when  cold,  the  mixture  was  diluted  with  distilled  water  to 
200  c.  c.  and  filtered  ;  25  c.  c.  of  the  filtrate  or  one*eighth  of  the  entire 
fluid  was  then  precipitated  with  Fehling's  solution  according  to 
Allihn'sg  data  and  method ;  the  reduced  copper  was  filtered  through 
an  asbestos  filter  in  a  small  weighed  glass  tube  and  ignited  directly 
in  a  current  of  hydrogen  gas  and  weighed  as  metallic  copper. 
By  means  of  Allihn's  tables  of  reduction  equivalents  the  correspond- 
ing amount  of  sugar,  calculated  as  dextrose,  is  easily  obtained, 
from  which  the  percentage  amount  of  starch  converted  into  reducing 
bodies  can  be  computed,  calling  dextrose  CJI^O^,  and  the  starch 
C,H,„0^.||  The  following  experiment  illustrates  the  accuracy  of  the 
method  and  the  reliance  which  can  be  placed  upon  it ;  two  solutions 
of  100  c.  c,  each  containing  2  grams  of  starch  and  4  c.  c.  of  filtered 

♦  Scbulze  and  Marker,  Chem.  Centralb.  1872,  823.  Chittenden  and  Ely,  Amer. 
Chem.  Jour.,  iv,  120. 

f  Musculus  and  v.  Mering,  Zeitschrift  fur  PliyHiolog.  Chem.,  ii,  p.  415. 

X  The  starch  was  exactly  neutral ;  made  so  ]>y  long  and  thorough  washing  with 
pure  water.  $^  Loc.  cit. 

I  The  actual  amount  of  starch  changed  is,  however,  somewhat  greater  than  would 
appear  by  this  equation,  since,  as  hiis  already  been  mentioned,  considerable  of  the 
sugar  formed  is  maltose,  which  has  only  two-thirda  the  reducing  power  of  dextrose. 
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saliva  were  warmed  at  40®  C.  for  4  hours,  then  examined  with  the 
following  results  : 


Wt.  Cu.lii 
one-elglith. 

Tetal  amoant 
of  BOgar. 

Stnrch  converted 
into  sugar. 

I. 

0*1530  gram. 

0-6248  gram. 

28-13  per  cent 

II. 

0-1623 

0-6216 

27-91 

Relation  of  dilution  to  diastatic  action. 

It  is  a  fact  well  understood  that  the  chemical  action  of  a  ferment 
is  out  of  all  proportion  to  the  amount  of  lerment  present ;  indeed^  a 
given  solution  of  a  ferment  can  be  diluted  again  and  again  without 
any  marked  difference  in  its  chemical  activity,  or  at  least  none  at  all 
proportionate  to  the  degree  of  dilution.  It  is  only  when  dilution 
has  b^en  carried  to  the  extreme  limit  that  the  relative  amylolytic 
power  of  the  mixture  can  be  taken  as  a  measure  of  the  amount  of 
ferment  present. 

The  following  experiments  illustrate  the  foregoing  statement. 
Each  digestive  mixture  was  100  c.  c.  in  volume,  and  was  warmed  at 
40°  C.  for  30  minutes.  The  only  variations  in  the  different  mixtures 
consisted  in  the  amount  of  saliva  and  starch. 


Series  I. 

With  1 

per 

cent,  starch. 

wt.  Cn  In 
one-elKhtb 

• 

Total  amount 
ot  Hngar. 

starch  converted 
Into  sugar. 

20  c.c. 

saliva, 

0-0961  ] 

g^ram. 

0-3872  gram. 

34-87  per  cent. 

10 

00878 

0-3584 

32-26 

5 

0-0809 

0-3296 

29-67 

4 

0-0710 

0-2904 

26-14 

3 

0-0636 

0-2608 

23-48 

2 

0-0452 

0-1880 

16-92 

1 

0-0178 

00702 

7-23 

i 

00080 

With  2 

per 

00408 
cent,  starch. 

3-66 

20C.C. 

salivai 

0-1784  1 

gram. 

0-7304  gram. 

32-87  per  cent. 

10 

0-1641 

0-6704 

30-18 

Series  II. 
a,  with  1  per  cent,  starch  and  30  minutes  at  40"*  0. 


4  c.c.  saliva, 

2 

1 


wt.  Cu  In 
one-eighth. 

007  21  gram. 

0-0480 

0-0211 


Total  amount 
of  Mugar. 

0-2944  gram. 

0-1992 

00920 


Starch  converted 
Into  BUgar. 

26*50  per  cent. 
17-93 
8-28 


6.  with  2  per  cent  starch  and  30  minutes  at  40°  C. 
4  c.c.  saliva,         01006  gram.  04088  gram.  1840  per  cent. 


2 
1 


00408 
trace 


0-1704 


7-67 
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c  with  1  per  oont  starch  and  10  minutes  at  40°  C. 

Wt.  Cu  In  Total  amoant  Starch  converted 

one-eighth.  of  bi^ilt.  into  sugar. 

4  c.c.  saliva,         00573  gram.  02352  gram.  21-15  per  cent. 

2  00213  0-0928  8*35 

1  0-0091  0-045G  411 

Series  III. 

a.  with  1  per  cent,  starch  and  30  minutes  at  40°  C. 

wt.  Cn  In  Total  amount  Starch  converted 

one-eighth.  of  8ugar.  Into  ongar. 

4  C.C.  saliva,         0-0650  gram.  0-2664  gram.  23*98  per  cent. 

2  0-0313  01336  12-01 

1  00139  0-0644  5*79 

h.  with  2  per  cent  starch  and  30  minutes  at  40"  C. 
4  c.c.  saliva,         00769  gram.  031 36  gram.  19  26  per  cent. 

2  0-0250  0-1080  486 

1  0-0103  00504  2-27 

c.  with  2  per  cent,  starch  and  4  hours  at  40"  0. 
4  c.c.  saliva,         01 630  gram.                 0*6248  gram.  28  13  per  cent. 

2  0-1058  0*4312  19*41 
1                              0*0681                              0*2784                              12*53 

From  these  results  it  is  seen  that  only  when  the  dilution  of  nor- 
mally alkaline  saliva  is  as  1  :  50  or  100  does  the  diastatic  action  at 
all  correspond  to  the  amount  of  ferment  present.  The  same  is  to 
be  noticed  in  Grtltzner's*  experiments,  where  the  principle  employed 
by  Gruenhagen  in  the  estimation  of  pepsin  was  used ;  the  amount  of 
starch  dissolved  by  the  saliva  being  directly  proportional  to  the 
amount  of  ferment,  only  when  very  small  quantities  of  saliva  were 
employed  and  the  time  limited  to  10  or  15  minutes.  Increasing  the 
amount  of  starch  beyond  1  per  cent,  tends  to  diminish  somewhat  the 
amount  of  sugar  formed  in  a  given  time,  when  the  dilution  of  the 
saliva  is  as  1  :  60  or  100,  which  fact  agrees  well  with  what  we  already 
know  concerning  the  influence  on  ferment  action  of  the  clogging  of 
digestive  fluids  in  general  by  the  products  of  digestion,  or  by  the 
substance  to  be  digested  ;  series  III,  a  and  b.  Increasing  the  length 
of  time  for  the  ferment  to  act,  however,  causes  a  corresponding  in- 
crease in  the  amount  of  sugar  formed,  as  is  well  seen  in  series  III,  c. 
It  would  not  be  at  all  impossible  therefore  by  suitable  dilutions  to 
use  this  method  as  a  means  of  determining  the  relative  amounts  of 
ptyaliii  present  in  different  salivary  or  pancreatic  secretions.  The 
following  results,  taken  from  those  already  given,  in  addition  to 
others,  lends  favor  to  this  view.     All  the  experiments  were  made  in 


*  Pflfiger's  Archiv  der  Physiologic,  xii,  p.  294. 
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the  usual  way,  and  the  results  are  expressed  in  percentage  of  starch 
converted  into  sugar. 

1  2  3 

2  C.C.  saliva,         12-01  per  cent.  8*35  per  cent.  473  per  cent. 

1  5-79  411  2-21 

4  6  6 

1  c.c.  saliva,  0*93  per  cent.  26-81  per  cent.*         2400  per  cent.* 

i  3-56  13-72  11-34 

The  degree  of  dilution  to  be  employed  depends,  of  course,  upon 
the  amount  of  ferment  present.  We  have  usually  diluted  the  saliva 
5  or  10  times,  and  then  added  an  amount  of  the  diluted  fluid  cor- 
responding to  0*5-2'0  c.  c.  of  saliva,  which  in  the  100  c.  c.  of  digestive 
mixture  makes  a  dilution  of  from  50  to  200.  As  we  shall  have 
occasion  to  state  later  on,  neutralized  saliva  needs  even  greater 
dilution.  The  method  certainly  appears  as  advantageous  as  that 
proposed  by  Dr.  Robertsf  a  few  years  ago,  and  has  the  advantage  of 
giving  gravimetric  results,  instead  of  being  dependent  upon  the  dis- 
appearance of  a  shade  of  color.  In  using  the  method  with  different 
solutions  it  will  always  be  found  necessary  to  exactly  neutralize  the 
ptyalin-containing  solutions,  before  diluting  them,  since  variations 
of  alkalinity,  even  though  infinitesimal  in  amount,  may  produce  dis- 
cordant results.  Moreover,  it  is  better  to  warm  the  ptyalin  solution 
with  the  starch  for  not  longer  than  30  minutes. 

The  amount  of  dilution  which  saliva  will  endure  and  still  show 
diastatic  action  depends  naturally  upon  the  amount  of  ptyalin  pres- 
ent in  the  secretion  and  also  upon  the  reaction  of  the  fluid,  whether 
it  be  alkaline  or  neutral.  The  following  series  of  experiments  show 
the  average  of  our  results  on  this  ))oint. 

Series  IV. 

Normally  alkaline  saliva,  1  per  cent  starch. 

Wt.  Cu  In  Total  amount  Starch  conycrtcd 

one-eighth.  of  sugar.  Into  nngar. 

1  c.c  saliva,         0*0152  gram.  0*0704  gram.  633  per  cent, 

i  0-0057  0-0272  2*44 

i  00037  0*0176  1-59 

Y*  fr-gpQ   \  less  than  I  per  cent,  of  starch  converted. 

It  is  thus  seen  that  when  the  dilution  is  as  1 :  250,  an  appreciable 


*  Neutralized  saliva. 

f  William  Roberts:  Jahresbericht  fiir  Thierchemie,  1881,  200. 
J  To  ensure  greater  accuracy  tbe  saliva  was  diluted  ten  times  and  amounts  of  the 
diluted  fluid  added  corresponding  to  the  ttbove. 
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amount  of  starch  is  converted  into  sagar  in  80  minutes  at  40^  C. 
Even  with  a  dilution  of  1 :  1000  or  2000,  a  recognizable  amount  of 
sugar  is  formed  under  these  conditions.  This  degree  of  dilution, 
however,  cannot  be  considered  as  being  the  limit  at  which  diastatic 
action  will  show  itself,  for  with  even  greater  dilutions,  the  starch  is 
converted  into  soluble  modifications,  colored  blue  by  iodine,  without 
giving  any  recognizable  amount  of  reducing  substance ;  that  is,  in  one- 
eighth  of  the  digestive  mixture.  Longer  continued  action  at  40^  C. 
might  yield  some  reducing  substance ;  it  would  seem,  however,  from 
our  experiments,  that  when  a  certain  degree  of  dilution  is  reached, 
the  action  of  the  small  amount  of  ferment  in  contact  with  the  larger 
amount  of  starch  (1  gram)  is  devoted  exclusively  to  converting  the 
granulose  into  soluble  starch  or  other  like  body  with  non-reducing 
action.  This  agrees  with  the  results  obtained  by  Grutzner,*  who 
found  that  the  nature  of  the  products  obtained  by  the  action  of 
ptyalin  was  dependent  upon  the  intensity  of  the  ferment  action; 
with  a  small  amount  of  ferment,  erythrodextrin  was  the  main  pro- 
duct, while  with  a  large  amount  of  ferment,  sugar  was  mainly 
formed.  Diminishing  the  amount  of  starch  in  large  dilutions  of 
saliva  tends,  as  might  be  expected,  to  increase  the  amount  of  sugar 
formed. 

Comparison  of  the  diastatic  action  of  'neutralized  and  normally 

alkaline  saliva. 

Human  mixed  saliva,  when  freshly  secreted,  almost  invariably  p< 
sesses  a  distinct  alkaline  reaction.     Some  time  ago  one  of  us  pi 
lished  a  series  of  experimentsf  on  this  point,  in  which  it  was  shq 
that  the  average  alkalinity   of  61  samples  of  human  mixed  sa^ 
expressed  as  sodium  carbonate,  was  0*080  per  cent.     The  exi 
variations  of  alkalinity  in  the  saliva  from  14  individuals  amoi 
to  0*085  per  cent,  calculated  as  sodium  carbonate  (0*144--0'05 
cent). 

We  have  had  occasion  to  make  determinations  of  alkalinitr 
additional  samples  of  saliva,  all  collected  by  one  person.     Y 
the  results  here,  as  affording  additional  data  regarding  the 
alkalinity  of  this  secretion.     The  alkalinity  is  calculated,  a 
fore,   in  the  form  of  sodium   carbonate.^     The  indicator 
delicate  litmus  paper. 


*  Pfliiger's  Archiv  der  Physiologic,  xii,  p.  297. 
f  Chittenden  and  Ely,  Amer.  Chem,  Jour.,  iv.  329. 
X  Undoubtedly  the  alkaline  reaction  of  saliva  is  due  in  part  to  alka' 
and  probably  the  preceutages  given  are  only  an  approximation  to  the 
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red  vallTa. 

O-a  per  cent.  HCl  uwd 
in  nehlralizlng. 

Amount  of  allCAlinlty. 

yocc. 

6*26  c.a 

0091  per  cent. 

40 

10-70 

0-078 

40 

12-00 

0-087 

25 

9-10 

0116 

20 

6-00 

0-087 

20 

6-25 

0-091 

20 

6-76 

0-098 

20 

6-30 

0-077 

40 

12-50 

0-091 

20 

7'00 

0-102 

40 

12-20 

0-088 

20 

7-80 

0-113 

20 

6-80 

0099 

20 

8-30 

0-120 

20 

7-60 

0110 

Average  alkalinity  of  the  15  samples,  0*097  per  cent. 

It  was  demonstrated  some  time  ago  by  one  of  us*  that  neutralized 
saliva  had  as  great  a  diastatic  power  as  the  unneutralized  or  normally 
alkaline  secretion.  In  fact,  the  single  result  which  we  recorded  plainly 
indicated  a  greater  diastatic  power  on  the  part  of  neutralized  saliva, 
since  from  the  digestion  with  the  normally  alkaline  fluid,  one-tenth  of 
the  mixture  gave  0-0905  gram  metallic  copper,  while  the  same  quan- 
tity of  the  saliva  neutralized,  gave  under  like  conditions  0*0943  gram 
copper;  thus  showing  that  the  alkaline  saliva  had  converted  41*58 
per  cent,  of  the  starch  into  sugar,  while  the  same  quantity  neutral- 
ized had  changed  43-28  per  cent.  In  these  two  experiments,  how- 
ever, the  amount  of  saliva  used  was  large,  being  one-fourth  of  the 
entire  digestive  mixture,  viz.,  25  c.c. 

Recently  Langley  and  Evesf  have  made  the  statement  that  **  neu- 
tralized saliva  converts  starch  into  sugar  much  more  actively  than 
unneutralized  saliva,"  without,  however,  giving  any  data.  These  are 
the  only  two  statements  recorded,  bearing  on  the  relative  diastatic 
action  of  the  neutralized  and  normally  alkaline  secretion. 

Our  experiments,  however,  show  that  there  is  a  very  great  differ- 
ence in  the  action  of  ptyalin  in  neutralized  and  unneutralized  saliva ; 
a  difference  which  is  more  manifest  when  the  saliva  is  greatly  diluted 
and  seemingly  out  of  all  proportion  to  the  amount  of  alkali  present, 
in  cases  where  the  dilution  is  1  :  100  or  more.  The  following  experi- 
ments show  the  amount  of  difference. 


*  Chittenden  and  Kly,  Amer.  Chem.  Jour.,  iv,  112. 

f  On  certain  conditions  which  influence  the  amylolytic  action  of  saliva.    Journal 
of  Physiology,  vol.  iv,  No.  1. 
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Seribs  V. 

The  saliva  used  in  this  series  eoDtained  0*091  per  cent,  alkali,  ca 
culated  as  sodium  carbonate : 

20  CO.  of  saliva  were  diluted  to  100  c.c.  and  used  in  a, 

20  c.c.  of  the  same  saliva  were  neutralized  and  then  diluted  to  10 

C.C.  and  used  in  h, 

a.  Donnally  alkaline  saliva. 

Wt.  On  In  ToUl  amount  Surch  conTerted 

one-el|clith.  of  Bngar.  into  sugmr. 

4  cc.  saliva,         0*0652  gram.  0*2G72  gram.  24  05  per  cent. 

2  00282  01208  10*87 

1  0-0094  0*0464  4*17 

6.  neutralized  saliva. 

4  c.c.  saliva,         00867  gram.  0*3536  gram.  31*83  per  cent. 

2  0*0730                              0*2984  26*72 
1                              0*0373                              0-1560  1404 

The  difference  in  diastatic  action  in  this  instance,  particularl; 
where  the  dilution  is  as  1  :  50  and  1 00,  is  very  great,  yet  in  the  cas 
of  the  greatest  dilution  of  the  unneutralized  saliva  the  alkalinity  o 
the  digestive  mixture  is  but  0*00091  per  cent,  calculated  as  alkaliu 
carbonate.  Moreover,  there  is  a  greater  proportional  diminution  c 
diastatic  action  in  this  case,  and  also  in  the  next  greatest  dilutioi 
where  the  amount  of  alkalinity  is  0*00182  per  cent.,  than  in  the  pres 
ence  of  0*00364  per  cent. ;  a  fact  due  either  to  the  greater  suscepti 
bility  of  the  ferment  to  alkaline  carbonate  in  a  dilute  solution  or  els 
to  some  modifying  influence  of  the  larger  amount  of  albuminou 
matter  present,  a  point  which  we  shall  return  to  later. 

Carrying  the  dilution  of  the  saliva  still  further  we  find  that  th 
difference  between  the  diastatic  action  of  the  neutralized  and  unnec 
tralized  fluid  shows  itself  to  the  limit  of  decisive  diastatic  action. 

Series  VI. 

This  sample  of  saliva  contained  0*116  per  cent,  of  alkali  calculatf 
as  sodium  carbonate.      The  percentages  of    starch   converted   in 
sugar  during  30  minutes  at  40°  C.  alone  are  given. 


AmouDt 
uf  saliva. 

Alkali  In  the  IttJc.c. 
of  diKestlve  mixture. 

Alkaline  saliva. 

Neutralized  aallra. 

1  CC. 

0  001 16  percent. 

6*33  per  cent. 

16*34  per  cent 

i 

000058 

2*44 

6-62 

i 

0-0C029 

1-54 

2  07 

h 

000011 

trace 

result  lost. 

1. 

•J  tl 

0*00005 

trace 

1*26  per  a 

Thus  in  a  dilution  of  1  :  2000  in  the  case  of  neutralized  saliva, 
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tatio  action  is  still  safficiently  pronoanced  to  convert  1*25  per  cent, 
of  the  starch  into  sugar  during  30  minutes  warming  at  40^  C. 

The  above  results,  indicative  of  such  a  marked  susceptibility  of 
the  ferment  in  a  dilute  solution  to  the  action  of  the  alkali  naturally 
present  in  saliva,  suggest  the  possibility  of  there  being  a  direct  con- 
nection between  the  alkalinity  of  the  natural  secretion  and  its  dias- 
tase power.  While  the  results  already  given  plainly  indicate  that 
very  slight  changes  in  the  alkalinity,  everything  else  being  equal, 
materially  modify  the  diastatic  power  of  the  fluid,  the  amount  of 
ferment  itself,  as  well  as  the  amount  of  proteid  matter,  may  vary  in 
different  salivas  so  much  as  to  counterbalance  the  direct  influence  of 
changes  in  alkalinity. 

This,  the  results  of  our  experiments  seem  to  indicate,  as  we  have 
been  unable  to  trace  out  any  direct  connection  between  the  natural 
variations  of  alkalinity  and  diastatic  action.* 

Influence  of  different  percentages  of  sodium  carbonate  on  the  dias- 
tatic action  of  saliva. 

In  1 882,  while  studying  the  influence  of  peptones  on  the  diastatic 
action  of  alkaline  saliva,f  data  were  then  obtained  showing  a  constant 
diminution  of  diastatic  action  in  the  presence  of  sodium  carbonate ; 
the  conversion  of  starch  into  sugar  being  diminished  in  proportion 
as  the  percentage  of  alkali  was  increased.  The  digestions  at  40°  C. 
were  then  continued  for  45  minutes  and  the  ferment  was  present  in 
large  amount,  25  of  the  100  c.c.  of  digestive  mixture  being  undiluted 
onneutralized  saliva,  thus  making  a  very  powerful  diastatic  fluid. 
We  give  the  data  then  obtained  in  the  percentage  of  starch  or  gly- 
cogen converted  into  sugar. 

a.  Influence  of  0*05  per  cent,  sodium  carbonate. 

Saliva  alone.        Saliva +  Na5iCo3=0-055i;        Difference. 
Qlycogen,  28-68  per  cent.  20*20  per  cent.  848  per  cent. 

h.  Influence  of  0  15  per  cent,  sodium  carbonate.^ 

Saliva  alone.        Saliva +  NaaCos=0'15<g.        Difference. 


Starch, 

40-23 

per 

cent. 

17-48 

per 

cent. 

22-75  per  cent. 

i( 

a7-i6 

14.72 

22-43 

ii 

37-65 

15-48 

22-07 

II 

38-36 

13-57 

24-79 

Glycogen, 

28-68 

9-40 

*  Compare  Chittenden  and  Ely,  Amer.  Chem.  Jour.,  iv,  329. 

f  Chittendeu  and  Ely,  Amer.  Chem.  Jour.,  iv,  121. 

%  The  alkalinity  is  somewhat  greater,  owing  to  tlie  uu neutralized  alkali  of  the  saliva. 

TlULNa   CONM.  AOAD.,   VOL.   VI.  44  MARCH,    1885. 
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c.  Influence  of  0*30  per  cent  sodium  carbonate. 

Saliva  alone.        Saliva  +  Na,Ck), =0*30  jt.   Difference. 

Starch,  40*27  per  cent.  10*83  per  cent.  29*44  per  cent. 

"  40*23  9*87  30*36 

"  37*15  9*52  27*63 

"  38*80  9-79  2901 

»•  37-65  1001  27*54 

"  38*36  9*60  28*76 

Glycogen,  29*11  6*93 

The  action  of  the  sodium  carbonate  is  here  very  marked  and  very 
constant. 

We  have  repeated  this  series  of  experiments  in  part,  varying  the 
conditions  only  by  using  neutralized  saliva,  so  that  the  percentages 
of  alkali  present  might  be  exact.* 


Series  VTII. 

cent.  Na,Cos. 

Starch  converted. 

Difference. 

0 

41*16  per  cent 

0-005 

39*47 

1-69  per  cent 

0*026 

34*84 

6*32 

0-050 

29*81 

11*36 

0-150 

17*88 

23-28 

0*300 

10*88 

30*28 

It  is  evident  from  these  results  that  the  presence  of  a  definite  per- 
centage of  sodium  carbonate  will  produce  approximately  a  constant 
diminution  in  the  diastatic  action  of  the  saliva.  This  result,  how- 
ever, is  constant  only  when  the  saliva  acts  in  the  above  dilution. 
Diminish  the  amount  of  ferment — or  rather  dilute  the  saliva — and 
then  the  above  percentages  of  alkali  produce  quite  a  different  result. 
The  above  results  were  obtained  where  the  dilution  of  the  saliva  was 
as  1  : 4.  Adding  now  neutralized  saliva  to  the  alkaline  mixtures  of 
starch  and  water  in  such  proportion  that  10  c.c.  of  the  original  saliva 
are  present  in  100  c.c.  of  digestive  mixture ;  i.  e.,  a  dilution  of  1:10, 
the  results  are  different. 

The  following  figures  were  obtained  with  the  above  dilution,  the 
mixtures  being  warmed  at  40°  C.  for  30  minutes. 


Sebies  IX 

1 

Percent  NasCog. 

Wt  Cu  in  one-eighth. 

Total  amt  sugar  formed. 

0 

0*0998 

gram. 

0*4064  gram. 

0005 

0*0898 

0*3664 

0025 

00437 

0-1816 

0050 

0*0277 

0*1184 

0*100 

0*0182 

0*0808 

0*300 

0-0105 

0-0504 

0*500 

0-0091 

0-0448                           J 

*  The  standard  solutions  of  sodium  carbonate  were  made  from  the  chemically  pure, 
anhydrous  salt 
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These  figures  lead  to  the  followiDg  percentages  of  starch  converted 
into  sugar  under  the  difierent  degrees  of  alkalinity. 

Per  cent  NasCos.  Starch  converted.  Difference. 

0  36-57  per  cent. 

0*005  32*98  3*59  per  cent 

0025  16*35  20-22 

0*050  10*66  26*91 

0*100  7*27  29-30 

0*300  4*53  3204 

0*600  403  32-64 

By  comparing  the  two  preceding  columns  of  differences  it  is  very 
manifest  that  the  alkaline  carbonate  has  a  much  greater  retarding 
action  on  the  more  dilute  saliva  than  on  the  stronger  solution  ;  very 
noticeably  so  in  the  mixtures  containing  0*025  and  0*050  per  cent,  of 
the  alkaline  salt. 

By  diluting  neutralized  saliva  still  more,  and  then  using  quantities 
of  the  fluid  equal  to  2  c.c.  of  the  original  saliva,  making  in  the  100  c.c. 
of  digestive  mixture  a  dilution  of  1 :  50,  even  0*005  per  cent,  of  sodium 
carbonate  is  sufficient  to  retard  the  diastatic  action  of  the  ferment 
almost  completely  ;  thus  in  one  experiment  with  the  above  amount 
of  saliva  in  the  presence  of  0*005  per  cent,  sodium  carbonate,  but 
4*03  per  cent,  of  the  starch  was  converted  into  sugar  in  30  minutes 
at  40°  C,  while  the  same  amount  of  saliva  alone  converted  27*08  per 
cent,  of  the  starch  into  sugar.  By  increasing  the  percentage  of 
alkaline  carbonate  diastatic  action  was  stopped  completely. 

It  is  thus  evident  that  the  percentage  of  alkaline  carbonate  which 
absolutely  or  to  a  certain  extent  hinders  the  diastatic  action  of  saliva 
can  be  designated  only  for  a  definite  mixture,  and  not  in  a  general 
sense.  Langley  and  Eves*  state  that  sodium  carbonate  of  0*0015 
per  cent,  causes  a  retardation  in  the  action  of  ptyalin ;  our  experi- 
ments with  unneutralized  saliva  diluted,  plainly  show  that  even  much 
smaller  percentages  of  alkalinity  may  decidedly  retard  the  action  of 
the  ferment,  while  in  similarly  diluted  saliva  0*005  per  cent,  of  sodium 
carbonate  may  prevent  diastatic  action  almost  entirely. 

Again  Langley  and  Evesf  state  that  the  '^amylolytic  action  of  saliva 
becomes  less  the  more  alkaline  salt  there  is  in  the  solution,  the  rate  of 
decrease  is,  however,  slow  compared  with  that  which  occurs  when 
hydrochloric  acid  is  added  in  similarly  increasing  quantities."  The 
rate  of  decrease,  however,  as  our  experiments  plainly  show,  is  depen- 
dent greatly  upon  the  amount  of  dilution. 


•  Journal  of  Physiology,  vol.  iv,  No.  1 .  f  Ibid. 


12  Chittenden  and  Smith — DiastcUic  Action  of  Saliva, 

Destruction  of  salivary/  ptyalin  by  sodium  carbonate. 

To  how  great  an  extent  is  the  retarding  influence  of  sodium  car- 
bonate due  to  destruction  of  the  ferment  ?  Langley  and  Eves*  state 
that  "sodium  carbonate  has  a  very  slight  destructive  action  on 
ptyalin,  its  retarding  power  is  out  of  all  proportion  to  its  power  of 
destruction." 

The  following  experiments  demonstrate  its  manner  of  action  under 

various  conditions. 

Series  X. 

70  o.c.  of  filtered  saliva  (the  same  saliva  as  used  in  Series  IX), 
were  exactly  neutralized  with  0*2  per  cent.  HCl  and  diluted  to 
140  C.C. 

The  following  mixtures  were  then  prepared  : 


1 

2 

3 

4 

6 

Diluted  saliva, 

20  c.c. 

20  c.c. 

20  CO. 

20  C.C. 

20  C.C 

Na,CO,  sol, 

0 

20    **     0-ljf 

10    "     0-6jf 

20   "     0-6«i 

20    " 

H,0 

20   •' 
0 

0 

10    " 

0 

0 

Per  cent  NasGos, 

006 

0-15 

0-30 

0-50 

\-% 


These  were  warmed  at  40®  C.  for  30  minutes,  then  neutralized 
with  the  amounts  of  dilute  acid  given  below,  water  and  starch 
added,  and  the  mixtures  again  warmed  at  40°  C.  for  30  minutes. 


1 

2 

3 

4 

5 

HCl  0-2  per  cent.,    0 

6-88  ( 

c.c.         20-6  C.C. 

41-3 

c.c.        68-8  C.C. 

Starch  4-  H,0,         60  c.c. 

63-20 

394 
100  c.c. 

18-7 
100  c. 

200 

100  C.C. 

100  c.c. 

c.          128-8  C.C. 

Wt.  Co  In  one-eighth.            Total  amoant  sngar. 

Starch  converted. 

1                      00998  gram. 

0*4064  gram. 

36*69  per  cent. 

2                       00991 

0-4032 

36-30 

3                       00992 

0-4040 

36-40 

4                       00474 

0-1968 

17-71 

6                       0-0278 

0-1192 

10-73 

In  the  above  digestive  mixtures  the  ultimate  dilution  of  the  saliva 
is  the  same  as  in  series  IX,  1:10,  and  being  the  same  saliva  the 
above  results  are  directly  comparable  with  those  of  series  IX. 
Warming  saliva  of  the  above  strength  with  0*06  and  0*15  per  cent, 
sodium  carbonate  for  30  minutes  causes  no  destruction  of  the  ptyalin 
whatever,  as  the  results  of  experiments  2  and  3  indicate,  consequently 
any  diminished  diastatic  action  in  the  presence  of  the  above  percen- 
tages of  alkaline  carbonate  must  be  due  to  a  simple  retardation  in 


*  Jouroal  of  Physiology,  vol.  iv,  No.  1. 
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the  action  of  the  ferment  and  not  to  its  destruction.  On  the  other 
hand,  0-3  and  0*6  per  cent,  sodium  carbonate  under  like  conditions 
and  with  the  same  strength  of  saliva  cause  a  marked  destruction  of 
the  ferment,  as  the  results  of  experiments  4  and  5  plainly  show. 

We  have  repeated  the  above  series  of  experiments  with  a  saliva, 
neutralized  and  diluted  6  times,  using  in  each  experiment  10  c.c.  of 
the  diluted  fluid,  equal  to  2  c.c.  of  the  original  saliva.  The  only 
other  deviation  from  the  conditions  already  given,  consisted  in  warm- 
ing the  saliva  with  the  alkaline  carbonate  for  1  hour  instead  of  30 
minutes.  We  will  not  give  the  details  of  the  experiment,  as  the 
results  were  mostly  negative.  With  this  amount  of  saliva,  0'16  per 
cent,  sodium  carbonate  almost  completely  destroyed  the  ferment  in 
1  hour's  warming  at  40®  C,  and  even  0*06  per  cent,  of  the  alkaline 
carbonate  showed  under  these  conditions  a  very  great  destructive 
action;  thus,  after  heating  the  diluted  saliva  with  0*05  per  cent, 
sodium  carbonate  for  1  hour  at  40°  C,  and  then  neutralizing  the 
mixture  it  was  able  in  30  minutes  to  convert  but  5*69  per  cent,  of 
starch  into  sugar,,  while  the  same  quantity  of  saliva  simply  warmed 
with  water  converted  under  like  conditions  27*08  per  cent,  of  starch 
into  sugar.*  Under  these  circumstances,  then,  the  destructive  action 
of  dilute  sodium  carbonate  is  very  great.  To  what  is  due  this  great 
difference  in  the  action  of  sodium  carbonate  of  the  same  strength  ? 
Probably  to  the  presence  of  the  larger  amount  of  albuminous  matter 
which  ill  the  less  diluted  saliva  possibly  combines  with  the  alkaline 
carbonate.  It  would  follow,  moreover,  from  our  results,  that  any 
proteid  compound  formed  has  in  itself  no  destructive  action  on  the 
ferment,  even  to  a  slight  extent.  0*005  per  cent,  sodium  carbonate 
causes  no  destruction  of  the  ferment  in  I  hour's  warming  at  40°  C. ; 
that  is,  in  saliva  of  this  dilution. 

Ififluence  of  proteid  matter  on  the  diastatic   action   of  saliva  in 

neutral  solutions. 

It  was  formerly  demonstrated  by  one  of  usf  that  the  presence  of  1 
per  cent,  of  peptone  tended  to  increase  the  diastatic  action  of  saliva  in 
a  neutral  solution  to  such  an  extent,  that  on  an  average  about  4  per 


*  The  amouDt  of  destruction  produced  in  saliva  of  this  dilution  by  the  above  per- 
centage of  sodium  carbonate  does  not  appear  to  be  constant,  since  we  have  found  in 
several  cases  a  much  greater  diastatic  action  after  an  hour's  warming  at  40°  C.  than 
in  the  above  instance,  due  probably  to  the  larger  amount  of  ptyalin  or  proteid  matter 
present. 

f  Chittendeu  and  Ely,  Amer.  Chem.  Jour.,  vol.  iv,  107. 
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cent,  more  staroh  was  converted  into  sugar  daring  45  minutes  at  40^ 
C.  ;  this  with  25  c.c.  of  saliva  in  the  100  c.c.  of  digestive  mixture. 
This  effect  we  attributed  to  a  direct  stimulating  action  on  the  part 
of  the  proteid  matter.  Langley  and  Eves,*  however,  object  to  this  \ 
conclusion,  although  they  bnng  forward  no  facts  to  prove  the  con- 
trary. Considering  that  litmus  will  not  detect  less  than  0*001  per 
cent,  of  acid  or  alkali  they  state  that  there  may  be  in  the  neutralized  i 
fluid  an  excess  of  acid  or  alkali  to  this  extent,  and  if,  as  may  well  be 
the  case,  ptyalin  acts  best  in  a  neutral  solution,  the  effect  of  the  pep- 
tone might  be  due  to  its  putting  hors  de  combat  the  slight  excess  of 
acid  or  alkali  which  remains  on  apparent  neutralization.  But  as 
Langley  himself  has  shown,  the  proteid  matter  naturally  present  in 
25  c.c.  of  saliva,  or  even  much  less,  is  far  more  than  sufficient  to  combine 
with  and  render  inert  any  such  amount  of  free  acid  or  alkali.  We 
see  no  other  possible  explanation  of  the  action  of  peptones  on  the 
diastatic  action  of  saliva  in  a  neutral  solution,  than  a  direct  stimula- 
tion of  the  ferment.  Moreover,  Langley  and  Eves  have  found  that 
when  neutralized  saliva  is  diluted  a  hundred  times,  peptone  is  still 
able  to  increase  the  rate  at  which  it  converts  starch  into  sugar,  from 
which  they  are  forced  to  conclude  that  the  small  amount  of  acid  or 
alkali  which  may  be  present,  cannot  exert,  in  such  a  dilution,  any 
retarding  influence.  We  present  the  following  additional  results 
confirmatory  of  our  previous  experiments. 

In  our   present  experiments   we   have,  however,  used  much  less 
saliva,  and  also  smaller  percentages  of  peptone. 

Series  XI. 

20  c.c.  of  filtered  saliva  were  neutralized  and  then  diluted  to  100  ( 
0*8  gram  of  pure  albumin-peptone  was  dissolved  in   water,  m 

exactly  neutral  with  sodium  carbonate  and  the  solution  dilute 

100  C.C. 

10  C.C.  of  the  diluted  saliva  were  employed  in  each  digesti 

of  the  peptone  solution  quantities  equivalent  to  0-05,   0*1,  ; 

gram  of  peptone.     Length  of  digestion,  30  minutes. 

Per  cent,  peptone  Wt.  On  In  one-eighth.  Total  aint.  saKar.  Starch  con 

0                                   0-0834  gram.                  0-3400  gram.  30  6 

0-06                              0-0875                              0-3568  32-1 

O-IO                              00868                             0-3540  320 

0-20                               0-0873                               0-3564  32-f 

Here,  with  the  smaller  amount  of  ferment,  the  increas 
great   as   with   the  larger  quantity  of  saliva  and  with 


*  Journal  of  Pliysiology,  vol.  iv,  No.  1. 
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period  of  digestion;  still,  the  amount  of  starch  converted  is  in- 
creased on  an  average  about  1*50  per  cent.  It  is  interesting  to  note 
that  under  these  conditions  the  full  effect  of  the  proteid  matter  is 
produced  by  even  0'05  per  cent.  Langley  and  Eves  found  the  maxi- 
mum effect,  with  saliva  ten  times  diluted,  to  be  produced  by  about 
0*1  per  cent,  peptone.  In  our  experiment,  however,  the  dilution  of 
the  saliva  in  the  digestive  mixture  is  1 :  50. 

Influence  of  proteid  matter  on  tfie   diastatic    action   of  saliva  in 

alkaline  solutions. 

It  was  previously  demonstrated  by  one  of  us  that  the  presence  of 
I  per  cent,  of  peptone  in  a  digestive  mixture  containing  25  per  cent, 
saliva  and  0*3  and  0*15  percent,  sodium  carbonate  respectively  tended 
to  nearly  double  the  diastatic  action,  bringing  it  up  almost  to  the 
action  of  saliva  unmixed  with  alkaline  carbonate. 

We  give  here  a  few  additional  experiments  bearing  on  this  point. 

The  very  noticeable  difference  in  the  action  of  small  percentages 
of  sodium  carbonate  on  the  diastatic  activity  of  moderately  dilute 
and  very  dilute  saliva,  at  once  suggests  the  possibility  of  some  con- 
nection between  the  dilution  and  the  reduced  percentage  of  proteid 
matter.  What,  now,  is  the  influence  of  small  amounts  of  peptone 
on  very  weak  alkaline  solutions  of  saliva?  We  will  give  the 
results  of  one  series  of  experiments  in  answer  to  this  question. 

Sekies  XII. 

20  CO.  of  saliva  with  an  alkalinity  equal  to  0*110  per  cent,  sodium 
carbonate  were  diluted  to  100  c.c,  10  c.c.  of  the  diluted  saliva  were 
used  in  each  digestion  of  100  c.c. ;  consequently  the  alkalinity  of  the 
digestive  mixture  was  equal  to  0*0022  per  cent,  sodium  carbonate. 
Neutral  peptone  was  added  in  varying  quantities.  The  mixtures 
were  warmed  at  40*  C.  for  30  minutes. 


Per  cent. 

peptone. 

Wt 

.  On  In  onc«elghth. 

Total  arat.  su^ar. 

Starch  converted. 

0 

007  61  gram. 

0;U04gram. 

27-94  i»or  cent. 

0-05 

00823 

0-3352 

3018 

0-10 

00841 

0-3424 

30-82 

0-20 

00863 

03480 

31-33 

The  same  saliva  neutralized,  converted  30*61  per  cent,  of  the  starch 
into  sugar ;  consequently  the  neutral  peptone  (0*2  per  cent.)  caused 
the  alkaline  saliva  to  show  a  diastatic  action  considerably  greater 
than  the  neutral  saliva,  but  not  equal  in  this  case  to  the  action  of  the 
same  percentages  of  peptone  on  the  neutralized  saliva.  Compare 
series  XI,  made  with  the  same  saliva. 
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Still  other  experiments  of  the  same  nature  have  shown  like  results, 
and  even  more  marked.  Thus,  while  neutral  saliva  without  peptone 
con  vetted  in  one  instance  18*16  per  cent,  starch  into  sugar,  a  like 
quantity  of  the  normally  alkaline  saliva  (=0-002  per  cent.  Na,Co,  in 
the  digestive  mixture)  with  0*1  per  cent,  peptone,  converted  31*90 
per  cent,  starch  into  sugar. 

Increasing  the  percentage  of  carbonate  to  a  point  where  previous 
experiment  had  shown  almost  complete  stopping  of  ferment  action, 
it  was  found  that  0*1  per  cent,  of  neutral  peptone  would,  in  the 
above  dilution,  bring  the  diastatic  action  up  almost  to  that  of  the 
neutral  saliva. 

Sbboes  XIIL 

Thus,  20  c.c.  of  saliva  were  neutralized  and  diluted  to  100  c.c,  10 
c.c.  used  in  each  digestion. 

0  NatCOa  0-005^  Na,CO,  0*005^  Na,00t 

0  Peptone.  0  Peptone.  0*1  Oj^  Peptone. 

Wt.  Cu  in  one-eighth,  0*0803  gram.  0*0181  gram.  0*0708  gram. 

Total  amt.  sugar,  0*3272  00800  0*2896 

Starch  converted,  29*45  per  cent  7*20  per  cent  26.07  per  cent 

With  0*025  and  0*050  per  cent,  sodium  carbonate,  0*1  per  cent, 
peptone  availed  but  little;  there  was  slight  diastatic  action,  but  not 
enough  sugar  formed  to  make  the  determination  of  any  value.     These 
results  would  seem  to  indicate  that  one  action  of  the  peptone  in 
an  alkaline  solution  is  to  combine  with  the  alkaline  carbonate  anc' 
form  a  compound  of  quite  different  power ;  thus,  with  0*050  per  cent 
sodium  carbonate  a  corresponding  larger  percentage  of  peptone  i^ 
required  to  increase  the  diastatic  power.     In  addition  to  this  actio 
however,  there  is  still  manifest  the  direct  stimulating  action  of 
proteid  matter  on  the  ferment ;  seen  in  one  case  in  the  increased  ] 
centage  of  sugar  formed  in  the  alkaline  solution,  over  the  amc 
formed  in  neutral  solution  by  the  same  saliva  under  like  conditif 

As  to  the  union  of  peptone  and  the  alkaline  carbonate  we  h 
strong  indication  of  a  combination  of  the  two,  in  that  the  pn 
of   peptone  tends  to  diminish   somewhat   the  destructive  acf 
small  percentages  of  sodium  carbonate  in  diluted  saliva. 

Thus,  while  10  c.c.  of  neutralized,  dilute  saliva  (1 :  6)  warm 
hour  with  0*05  percent,  sodium  carbonate  converted,  after  ne 
tion,  25*05  per  cent,  starch  into  sugar,  the  same  amount 
warmed  for  the  same  length  of  time  with  the  same  pen 
sodium  carbonate  plus  0*4  per  cent,  peptone  converted,  afl« 
ization,  32*68  per  cent,  of  the  starch. 
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The  peptone  present  had  evidently  in  some  way  prevented  the 
destructive  action  of  the  alkaline  carbonate,  and  the  most  plausible 
explanation  seems  to  be  the  probable  formation  of  an  alkaline-pro- 
teid  body. 

Influence  of  free  acid  and  of  acid-proteid  matter  on  the  dia8t€Uic 

actiofi  of  saliva. 

The  influence  of  dilute  acid  solutions  on  the  diastatic  action  of 
saliva  is  naturally  a  point  of  considerable  physiological  importance. 
In  view  of  the  rapid  passage  of  the  salivaiy  secretions  into  the 
stomach,  we  need  to  have  accurate  knowledge  of  the  exact  influence 
of  free  acid  and  acid-reacting  fluids  on  the  ferment  and  its  diastatic 
activity. 

In  considering  this  question  we  do  not  need  now  to  take  into  ac- 
count the  older  observations  of  Jacubowitsch,  Lehniann,  Schiff*,  Wat- 
son, Brflcke,  Hammarsten  and  others,  since  these  led  to  no  agreement 
of  opinion  and  more  recently  acquired  knowledge  has  rendered 
necessary  diflTerent  methods  of  procedure. 

In  1881  it  was  announced  by  one  of  us*  that  the  ferment  of  saliva 
was  destroyed  on  being  wanned  for  two  hours  with  gastric  juice  con- 
taining 0*2  per  cent,  hydrochloric  acid  ;  also  that  the  same  treatment 
with  0*2  per  cent,  hydrochloric  acid  alone  caused  great  destruction 
of  the  ferment,  so  that  on  neutralization  diastatic  action  was  greatly 
diminished.  At  the  same  time  it  was  pointed  out  that  much  smaller 
percentages  of  acid,  even  0*026  per  cent.,f  diminished  the  diastatic 
action  of  the  ferment  very  materially.     Shortly  after  this,  similar 

t 

results  were  obtained  independently  by  Langley,J  who  in  an  interest- 
ing paper  on  the  destruction  of  ferments  in  the  alimentary  canal, 
pointed  out  that  ptyalin  from  the  parotids  of  a  rabbit  was  destroyed 
by  digestion  with  a  small  amount  of  gastric  juice,  and  also  that 
weak  solutions  of  the  ferment  were  more  or  less  destroyed  by  heat- 
ing at  40°  C.  with  0*014  per  cent,  hydrochloric  acid.  In  comparing 
theae  latter  experiments  with  the  preceding  it  is  to  be  remembered 
that  the  former  were  made  with  25  c.  c.  of  filtered  human  saliva,  a 
much  stronger  solution  doubtless,  both  as  regards  the  ferment  and 
the  albuminous  matter  present. 

Later  it  was  pointed  out  by  one  of  U8,§  that  peptones  have  a  very 


*  Cliittenden  and  Griswold,  Amer.  Chom.  Jour.,  vol.  iii,  805. 

t  Irrespective  of  the  proteid  matter. 

X  Journal  of  Physiology,  vol.  iii,  No.  3. 

§  Chittenden  and  Ely,  Amor.  Chem.  Jour.,  vol.  iv,  114. 

TRANa  Conn.  Acad.,  Vol.  VI.  45  March,  1885. 
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decided  inflaeuce  ou  the  diast&tio  action  of  saliva  in  aci 
that  while  the  presence  of  0*025  per  cent,  hydrochlor 
vented  the  conversion  of  but  3*50  per  cent,  of  the  starch 
the  presence  of  1  per  cent,  peptone  allowed  the  conversi 
per  cent,  of  the  starch,  7  per  cent,  more  than  the  saliva  : 
convert  under  like  conditions ;  a  fact  which  would  indicat 
more  on  the  part  of  the  proteid  matter  than  a  mere  u 
peptone  and  acid.  Undoubtedly  there  was  a  combinatio 
tone  and  acid,  but  in  addition  there  was  manifested  the  ( 
lating  action  of  the  proteid  matter.  At  the  time  these 
were  made,  however,  we  were  unaware  of  Danilewsky's* 
testing  for  free  acid  with  tropaeolin  00,  by  which  he  prov 
of  acids  with  various  forms  of  proteid  matter ;  compou 
test  papers,  but  not  containing  free  acid.  Falkf  likewise 
influence  of  peptones  on  diastatic  action,  in  an  acid  solt 
infusion  ;  thus  by  adding  a  small  amount  of  0*0135  per 
chloric  acid  to  an  infusion  of  malt  and  this  to  some  stare 
reaction  for  sugar  could  be  obtained,  but  by  adding  the  t 
tion  of  acid  and  some  peptone,  then  the  sugar  reaction  so( 
This  fact  Falk  considered  as  evidence  of  the  union  of  t 
peptone. 

In  view  of  these  results  we  have  repeated  some  of 
work,  under  different  conditions,  trying  many  additional 
especially  as  in  a  recent  paper  on  the  amylolytic  actic 
Langley  and  £ves{  have  arrived  at  some  conclusions  n< 
with  our  results. 

a.  .  Influence  of  acid-proteid  mcUter, 

We  have  used  the  tropaaolin  test  for  the  detection 
whenever  it  has  been  necessary  in  our  work,  employing 
as  recommended  by  Danilewsky.  The  tropajolin  00  w 
in  methyl  alcohol  (saturated  solution),  and  when  a  test 
was  to  be  made,  drops  of  the  alcoholic  solution  were 
evaporate  on  a  porcelain  plate  at  40**  C,  and  then  while 
C,  a  drop  of  the  fluid  to  be  tested  was  added  and  allc 
Free  hydrochloric  acid  causes  the  dry  residue  to  take 
color.  We  have  made  a  number  of  trials  to  ascertain  ho^ 
centage  of  free  hydrochloric  acid  can  be  detected  by  thi^J 


*  Centralbl.  Med.  Wiss.,  1880. 

t  Virchow's  Archivs,  Ixxxiv,  1881,  p.  130.  J  1 
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3lutious  |B  standard  solation  of  hydrochloric  acid  of  known  strength,*  we  have 
kcid  pre^oand  that  O'OOd  per  cent,  of  this  acid  can  be  detected  with  certainty, 
:o  sugaia  drop  of  such  a  mixtare  giving  a  distinctly  recognizable  violet  color. 
)f  48*8": A  smaller  percentage  cannot  be  recognized  and  we  have  therefore 
e  woiilc  invariably  deducted  the  above  amoant  in  our  various  tests  for 
rnethingfree  acid. 

I  of  the  "^6  amount  of  proteid  matter  naturally  present  in  saliva  and 
the  pep-  which  is  capable  of  combining  with  acids,  is  apparently  quite  con- 
t  stinich  stant.  Langley  and  Eves  found  as  a  mean  of  several  observations 
nmenU  ^^^^  ^  ^'^'  o^  filtered,  neutralized  saliva  contained  proteids  capable 
thod  of  of  combining  with  2  c.c.  of  0*1  per  cent,  hydrochloric  acid.  We 
e  uiiior  ^^^^  found  as  a  mean  of  eight  determinations  that  20  c.c.  of  filtered, 
acid  tc  neutralized  saliva  contained  proteids  capable  of  combining  with  7*74 
ced  th€  C.C.  0*1  per  cent,  hydrochloric  acid.  In  an  attempt  to  ascertain  ap- 
of  malt  proximately  how  much  proteid  matter  this  amount  of  acid  signified, 
hydro-  we  took  the  results  of  our  experiments  with  peptones,  in  which  we 
isle,  no  found  that  1  gram  of  pure  neutral  peptone  required  48*0  c.c.  0*1  per 
proper-  cent,  hydrochloric  acid  to  saturate  it.  Consequently  1  c.c.  of  0*1 
peared.  per  cent,  acid  would  combine  with  0*0208  gram  peptone,  and  assum- 
ed and    ing  ^^^^  the  combining  power  of  the  proteids  present  in  saliva  is  the 

same  as  that  of  peptones,  the  20  c.c.  of  saliva  would  contain  0-16009 

revious    gram  proteid  matter,  equal  to  0*804  per  cent. ;  a  result  which  at  once 

iments,    shows  that  the  combining  power  of  the  proteids  of  saliva  and  pep- 

sah'va,  •  tone  must  be  quite  different,  or  as  is  more  probable,  that  considerable 

accord     of  the  acid  added,  is  used  up  in  reacting  with  the  phosphates  of  the 

alkalies  present  in  the  saliva. 

Saliva,  as  a  rule,  does  not  contain  much  more  than  0*5  per  cent. 

solid  matter,  and   Hammerbacher  has  found  in  human  mixed  saliva 
e  acid      0*139  per  cent,  albumin  and  ptyalin.f 

lethod  -^  comparison  of  the  diastatic  action  of  neutral  saliva  considerably 
solved  (I'lliited,  and  similarly  diluted  saliva  in  which  the  proteids  present 
e  acid  ^*v®  h^Qn  saturated  with  acid,  shows  at  once  that  acid-proteid  mat- 
ed to  ^^^'  ^'^^n  though  present  in  but  small  quantity,  has  a  distinctly  stim- 
it  40^     ulating  action  on  the  salivary  ferment. 

:>  dry.         ^^^  following  experiments  will  illustrate  this  point  and  also  show 
violet     ^^^  extent  of  the  stimulation. 

a  per-  Series  XIV. 

U^ing         A.   40  c.c.  filtered  saliva  were  neutralized  and  then  diluted  to 

200  C.C. 


*  AU  of  our  standard  acid  solutionfi  were  of  exactly  the  streDglh  specified,  as  was 
proved  by  titration  with  standard  solution  of  silver  nitrate, 
f  Jahresbericht  fiir  Thierchemie,  1881,  p.  269. 
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B.  40  c.c.  of  the  above  diluted  saliva  required  6'8  o.c. 
cent.  HCl  lo  saturate  the  proteids  present  =  00074  per  c 
bined  HCl. 

Two  digestiODB  each  were  made  with  A  and  B,  using  qua 
Che  above  salivas  equivalent  to  4  and  2  c.o,  of  the  original  s 

Wi.  CD  In  ane-elgbih.  To»l  ami,  (ucmr  ti 

20   cc  A,                        0-0913  gram.  0  3720  Kram. 

23-4        B,                           0-0981  0-4016 

10   cc.  ^,                        0-OS50  gram.  0-3472  trram. 


» I  '26  poi 


ll-T        B, 


iDcreau,  S-tJS  per  ceut.  Increase,  3-23  poi 

It  is  seen  that  addition  of  the  acid  in  this  instance 
very  decided  inorease  in  the  diastatic  activity  of  the  sal; 
amount  of  combined  aoid  present  in  the  100  c.  c.  of  digestiv 
in  the  two  cases  was  0-0017  and  00006  per  cent,  i-espectivel 
presence  of  this  small  amount  of  combined  acid  manifestly 
stimulant  to  the  diastatic  ferment.*'  Even  still  smaller  pe 
of  aoid-proteid  matter  have  an  equally  decided  action  on  tli 
ptyalin.  The  following  series  of  experiments  illustrate  this 
at  the  same  time  are  confirmatory  of  the  preceding  one. 

SSBIES    XV. 

A.  40  cc.  filtered  saliva  were  neutralized  and  diluted  to '. 

S.  50  C.C.  of  the  above  diluted  saliva  required  4*75  c.c. 
cent.  HCl  to  saturate  the  proteids.  The  solution  was  distir 
to  litmus  paper  and  contained  0-0043  per  cent,  combined  H 

Four  digestions  were  made  with  both  A  and  B,  using  < 
of  saliva  in  each  case  equivalent  to  4,  2,  1  and  0-5  c.c.  of 
inal  saliva. 


20      cc.  A. 
-il-0          fl, 

00925  grani. 

0-37Ga  grar 
0-3&12 

10     c.e.  .4, 
10-95        fl, 

0'08-2T  gram. 
0087  e 

0-3309  gr 

5      e.c.  A. 
5-5          B, 

0061 1  gram. 
00151 

0-2744  g 
0-3064 

2-5  cc  A, 
2-15        B, 

0-0:!U5  gram. 

0-|5li8 

•  DoubOi'BU  thuBB  perce 
liouecl  some  of  Hic  uciJ  ad 

od, 

o£  eombiaod  add  an? 
raljably  rca<.-ts  vyitli  lli 

too 

o.-.p!mt. 

Chittenden  aiid  Smith — DiaMatic  Action  of  Saliva.  21 


SUrch  converted. 

starch  converted. 

20    C.C.  J, 

33*85  per  cent. 

10     c.c  A, 

30*32  per  cent. 

21-9       B, 

35-22 

10-96        B, 

32-19 

Increase, 

1*37  per  cent. 

Increase, 

1*87  per  cent. 

6     C.C.  -4, 

24-69  per  cent. 

2  5    c.c.  A, 

11*68  percent. 

5-6         B, 

27-58 

2-75         B, 

14-10 

iDorease, 

2*89  per  cent. 

Increase, 

2*42  per  cent. 

Here  the  same  results  are  to  be  seen  as  in  the  preceding  experi- 
ment, although  the  amount  of  proteid  matter  is  much  less.  In  both 
series  of  experiments  it  is  to  be  noticed  that  as  the  percentage  of 
combined  acid  is  diminished,  the  difference  between  the  diastatic 
activity  of  the  neutral  solution  and  the  corresponding  acid  solution  is 
increased ;  at  the  same  time  it  is  to  be  seen  that  in  the  first  series  of 
experiments  where  the  percentage  of  proteid  matter  is  larger,  there  is 
a  greater  increase  in  the  conversion  of  starch  with  the  23*4  c.c.  of 
acid-reacting  saliva  than  with  the  21*9  c.c.  of  the  acid-reacting  fluid 
of  the  second  series  of  experiments,  with  its  smaller  percentage  of 
proteid  matter. 

In  the  last  series  of  experiments  where  21-9  c.c.  of  B  are  used,  the 
amount  of  combined  acid  in  the  digestive  mixture  is  but  000094  per 
cent.  HCl,  so  that  where  the  smaller  amounts  of  acid-reacting  saliva 
are  used  the  percentage  amount  of  combined  acid  is  very  small  indeed. 

Increasing  the  amount  of  saliva  used  and  thereby  the  percentage 
of  acid-proteid  matter,  brouglit  us  finally  to  a  point  where  the  acid- 
proteid  matter  failed  to  stimulate  the  diastatic  action  of  the  ferment 
and  even  began  to  show  a  tendency  to  retard  its  action.  The  follow- 
ing series  of  experiments,  using  saliva  wholly  undiluted,  illustrates 

this  point. 

Series  XVI. 

100  C.C.  of  filtered  saliva  were  neutralized,  requiring  32  c.c.  0*2  per 
cent.  HCl  =  A. 

52'8  c.c.  -4=40  c.c.  of  the  original  saliva  required  12*15  c.c.  O'l 
per  cent.  HCl  to  combine  with  the  proteids,  making  saliva  B ;  the 
fluid  was  distinctly  acid  to  litmus  and  contained  0'0187  percent, 
combined  acid.  Three  digestions  were  made  with  both  A  and  -B, 
using  quantities  of  the  fluids  equal  to  20,  10  and  5  c.c.  respectively 
of  the  original  saliva. 


Wt.  Cu  Id  ono-elghth. 

Total  amt.  sugar. 

26-4   C.C.  A, 

0*1083  gram. 

0*4408  gram. 

32-48         B, 

01065 

• 

0-4336 

13*2    C.C.  A, 

01024  gram. 

0*4168  gram. 

16*24         B, 

01087 

0-4424 

6*6    C.C.  -4, 

0*0948  gram. 

0-3864  gram. 

8-12        B, 

0-1031 

0*4192 
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26-4   c.a  A, 
32-48         B, 


Starch  conyerted. 
39*68  per  oeat 
38-96 


Combined  H  CI  MnLWrne 
lOOcc.  digeHtive  xiMJxt.  ^^/! 


0-00608  per  oent^ 


Decrease, 

0''72  per  cent 

13-2   C.C. -4, 

37-52  per  cent. 

0 

16-24        B, 

39-73 

0-00304  per  cent, 

Increase, 

6*6   c.c.  A, 
812         B, 

Increase, 


2*21  per  cent. 

34-79  per  cent. 
37-74 

2*95  per  cent 


0-00152  per  cent. 


In  this  series  of  experiments,  where  the  percentage  of  combinecT 
aoid  in  the  digestive  mixtare  is  mach  greater  than  before,  the  same 
increase  in  diastatio  action  is  noticed.  With  the  largest  quantity  of 
saliva,  however,  where  the  amount  of  combined  acid  is  0'006  percent. 
we  seem  to  have  reached  a  point  where  the  acid-proteid  matter  ceases 
to  stimulate  and  begins  to  retard  the  action  of  the  ferment.  That 
this  is  actually  the  case  we  have  proved  by  another  experiment  con- 
firmatory of  the  preceding  one,  using  in  the  digestion  however,  two 
grams  of  starch  instead  of  one. 

Thus  while  an  amount  of  neutral  saliva,  equal  to  20  c.c.  of  the 
original  secretion  converted  39*08  per  cent,  starch  into  sugar,  the 
same  amount  of  saliva,  having  all  of  its  proteid  matter  combined  with 
acid,  converted  undev  the  same  conditions  38*21  per  cent,  of  the 
starch,  a  decrease  of  0*87  per  cent. ;  in  this  case,  however,  the  amount 
of  combined  acid  present  in  the  100  c.c.  of  digestive  mixture  was 
0  008  per  cent. 

It  thus  seems  plainly  proven  that  up  to  a  certain  percentage,  the 
presence  of  acid-proteid  matter  in  the  saliva  tends  to  decidedly  stim- 
ulate its  diastatic  action.  We  cannot  therefore  agree  with  Langley 
and  Eves  that  ptyalin  acts  best  in  every  instance  in  a  neutral  solu- 
tion, for  our  results  certainly  show  an  increased  action  of  the  ferment 
in  the  presence  of  acid-proteids,  except  where  the  latter  are  present 
in  comparatively  large  amount. 

The  only  possible  fallacies  which  suggest  themselves  here  are 
traces  of  undetectable  alkali  in  the  starch  and  the  presence  of  phos- 
phates of  calcium  or  magnesium.  This  result  moreover,  makes  clear 
many  statements  previously  recorded  which  would  otherwise  be 
difficult  of  explanation.  Thus  it  has  been  recorded  by  Astasche  wsky,  * 
that  the  saliva  of  the  parotid  gland  possesses  a  very  faint  acid  reac- 


e 

X 


*  Centralbl.  mod.  Wiss.,  1875,  15. 
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tion  and  that  the  maximam  diastatio  action  of  parotid  saliva  cor- 
responds with  the  strongest  acid  reaction;  but  in  these  observa. 
lions  doabtless  the  acid  reaction  was  in  every  case  due  to  acid-pro- 
teida  and  not  to  free  acid.  Again,  it  was  found  by  one  of  us*  that 
the  presence  of  0*006  per  cent.  HCl  decidedly  increased  the  diastatic 
action  of  saliva,  but  while  the  observation  was  correct  the  result  was 
wrongfully  attributed  to  0*005  per  cent,  free  acid  when  it  should 
have  been  attributed  to  the  same  percentage  of  combined  acid,  where 
doubtless  the  proteid  matter  was  not  wholly  saturated.  Likewise 
Watson'sf  oft-quoted  result,  where  the  addition  of  a  drop  of  strong 
acid  to  saliva  gave  him  an  increased  diastatic  action,  was  doubtless 
due  to  the  acid-proteid  matter  formed  and  not  to  free  acid,  though  it 
may  have  been  due  to  partial  or  complete  neutralization. 

We  endeavored  to  ascertain  whether  the  acid-proteid  matter 
formed  by  the  addition  of  acid  to  undiluted  saliva  would  have  any 
destructive  action  on  the  diastatic  ferment  when  warmed  at  40^  C. 
Of  course  only  a  slight  action,  if  any,  could  be  expected,  still  it 
seemed  of  sufficient  importance  to  warrant  the  experiment.  Accord- 
ingly two  mixtures  were  prepared  as  follows  : 

A.  B, 


SaUva, 

20   cc. 

20    cc. 

HCl  Q-2%  to  neutralice, 

6*8 

6-8 

"       **      combine  with  proteids, 

3*2 

H.O, 

13-2 

10 

400  ac. 

40*0  cc. 

Neutral. 

OOiejlf  Ha  combined. 

These  two  solutions  were  warmed  at  40*  C.  for  1  hour,  then  neu- 
tralizing and  equalizing!  mixtures  were  added,  after  which  starch 
and  water  to  100  cc.  The  results  were  in  ^  a  conversion  of  38*68 
per  cent,  of  the  starch  into  sugar,  and  m  JB  h  conversion  of  38*26  per 
cent.|  so  that  while  there  may  have  been  some  little  destruction  of  the 
ferment,  it  is  plain  that  the  diminished  action  noticed  in  the  two  pre- 
ceding oases  in  the  presence  of  the  larger  percentages  of  acid-proteid 
matter  was  probably  due  to  simple  retardation,  since  the  percentage 
of  combined  acid  was  not  more  than  half  that  in  the  above  experi- 
ment. 

We  have  studied  the  influence  of  acid-proteid  matter  on  salivary 

*  Chittenden  and  Griswold,  Amer.  Ghem.  Jour.,  vol  ill,  312. 
f  Jour.  Cbem.  Soc,  1879,  643. 

X  Equivalent  amounts  of  standard  acid  and  sodium  carbonate  solutions,  so  that  A 
for  example  might  contain  the  same  amount  of  sodium  chloride  as  B. 
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digestion  still  further  by  experimenting  likewise  with  pepti 
in  studying  the  influence  of  acid-peptones  on  the  action  o 
ment  we  have  been  impressed  with  the  striking  effect  of  vfi 
qaantities  of  acid  on  the  ordinary  action  of  peptones,  inc 
very  decidedly.  It  has  already  been  shown  that  the  pr 
0'06,  O'l  and  0-2  per  cent,  of  neutral  peptone  produces  i 
solutions,  a  like  increased  diastatic  action;  with  05  per  cen 
the  inci-ease  is  as  much  as  with  02  per  cent. ;  that  is,  in  t 
Baliva  considerably-diluted.  With  acid- peptones,  however, 
produced  is  quite  difiereiit,  and  the  amount  of  combinc<l  a. 
Bsry  to  produce  this  different  effect  is  quite  small. 

Peptones  as  usually  prepared  contain  a  small  amount  of 
acid.  The  sample  we  used  required  per  gram  0'014  gram 
make  it  neutral;  this  would  be  equivalent  to  0-00964  g 
Consequently  the  percentage  of  combined  acid  in  the  pe 
naming  it  to  be  hydrochloric  acid,  would  be  0*064  per  cm 
such  an  acid-peptone  the  following  experiments  were  tried. 

SSRIBS  SVII. 
20  c.c.  saliva  were  neutralized  and  diluted  to  100  c.c. ;  o 
tion  10  cc,  equal  to  2  c.c.  of  original  saliva  were  used  in  t 
tion.  Four  experiments  were  tried,  in  three  of  which  Oi 
0-lOOgram  and  0'200  gram  of  the  above  acid-peptone  wi 
Following  are  the  results,  after  warming  the  mixtures  at  < 
30  minutes. 


one".tl«hlh. 

formed. 

0'0T66  gram. 

0-312Bgram 

0-0813 

0-36fiO 

00837 

0-36S6 

0'0929 

0-3T84 

Comparing  these  results  with  those  obtained  by  simil 
ages  of  neutral  peptone  the  difference  is  sufficiently  strikin 
the  percentage  of  combined  acid  in  the  digestive  mixt 
there  is  present  020  gram  of  acid  peptone,  is  but  0-001 
calculated  as  HCl. 

Experimenting  with  peptones  completely  saturated  wit! 
in  this  case  witli  what  was  known  to  be  hydrochloric  ai 
similar  to  the  al>ovo  were  obtained,  with,  however,  several 
deviations.  The  following  series  of  experiments  will  Bcr\ 
trate  the  main  points  of  interest. 


! 
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,es,   aiir  Series  XVIII. 

the  fei;  40  cc.  filtered  saliva  were  neutralized  and  diluted  to  200  c.c. ;  10 
niinut€^c.  of  this  diluted  fluid  were  used  in  each  experiment. 
asing  i^   A  standard  solution  of  peptone  saturated  with  hydrochloric  acid 
?nce  oipas  also  prepared. 

neutra:    The   following  percentages  of  peptone  and  combined   acid    were 
t>eptont)^ntained  in  the  different  digestive  mixtures  of  100  cc. 
case  of  12  3  4  6  6  7 

e  effecf^^P*^"®*  ^        ^  ®'^^^  0020j|f        0040j|f      O-OGOjT        OOSOjg 

'Combined  HCl,        0     0-0006jt*    000057j|f    0001 15jr    00023jg    000345jr    00046jr 

«     Following  are  the  results  of  the  digestions  : 


ibine<i 

Wt.  Cu  In 
one-eighth. 

ToUl  amt. 
sugar. 

Starcli  converted. 

Oo      to- 

No. 

1 

0  0872  gram. 

0-3560  grum. 

31 -8ft  per  cent. 

3      '^ 

irci 

2 

0*0896 

0-3656 

32-91 

3 

00901 

0-3672 

33  06 

e,  ati-' 

4 

00935 

0-3808 

34-28 

With 

6 

00892 

0.3640 

32-77 

4 

6 

0-0776 

0-3160 

28*45 

f 

7 

00496 

0-2048 

18-43 

It  is  to  be  noticed,  first,   that  in  this  series  of  experiments  the 

i  sola-  peptones,  being  completely  saturated  with  acid,  are  present  in  much 

dii^es-' smaller  pei*centages  proportionally  than  the  combined  acid  is,  and  the 

grain,  effect  produced  is  a  diminished  diastatic  action  in  the  case  of  Nos.  6 

uldecl.  and  7,  in  the  presence  of  an  amount  of  combined  acid  which  in  the 

?.   for  case  of  the  proteids  naturally  present  in   saliva  has  no   retarding 

action  whatever,  but  on   the   contrary  a  stimulating   action.      The 

addition  of  a  larger  amount  of  peptone  to  Nos.  5,  6  and  7,  for  exam- 

^^'^-         pie,  the  percentage  of  acid  remaining  the  same,  tends  to  bring  up 

the  diastatic  action  very  decidedly. 

It  would  appear  from  these  results,  moreover,  assuming  that  the 

(Combining  power  of  peptone  is  the  same  as  the  proteids   present 

in   saliva,  that  the  presence  of  say  0003  per  cent,  combined  HCl  in 

rceiit  ;the  form  of  saturated  acid-peptone  has  a  retarding  action,  while  the 

(1  yet   same  percentage  of  combined  HCl  in  the  form  of  saturated  salivary 

where   proteids,  has,  in  the  case  of  saliva  of  the  same  dilution,  a   decided 

cent,    stimulating  action.     At  the  same  time  it  is  to  be  remembered  that 

when  acid  is  added  to  saliva  some  considerable  acid  may  be  used  by 

,  and    the  inorganic  salts  with  formation  of  acid  phosphates,  for  example. 

esults    These  results,   moreover,   indicate  that  such  is   doubtless  the  case. 

estive    Increasing  the  percentage  of  peptone  to  say  1  per  cent,   admits  of 

illus.    the  addition  of  larger  amounts  of  hydrochloric  acid,  without  partic- 

*  To  saturate  the  proteids  naturally  present  in  the  saliva. 
Trans.  Conn.  Acad.,  Vol.  VI.  46  MARcir,  1885. 
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ularly  retarding  the  action  of  the  ferment ;  thus,  as  Langley  a 
Eves  state,  "00075  per  cent,  hydrochloric  acid  may  be  added 
saliva  diluted  10  or  20  times,  provided  1  per  cent,  peptone  be  prese 
and  yet  its  action  on  starch  be  about  equal  to  that  of  the  sali 
without  peptone  or  acid." 

Again  it  would  appear  that  small  percentages  of  acid-proteid  ma{ 
ter,  either  peptones  or  the  albuminous  bodies  present  in  saliva,  ten 
to  increase  the  diastatic  action  not  only  beyond  the  natural  actio 
of  the  saliva,  but  also  somewhat  beyond  the  action  of  the  saliva  phi 
the  same  percentage  of  neutral  peptone.  Thus,  while  the  presenc 
of  a  few  hundredths  of  one  per  cent,  of  neutral  pe[)tone  in  salivi 
diluted  1:50  caused  about  1*5  per  cent,  increased  conversion  o 
starch,  acid-peptone  caused  in  3(»  minutes  2*1 7  per  cent,  increasec 
conversion.  Again,  as  has  been  seen,  the  acid-proteids  of  salivj 
cause  a  like  increase.  Large  percentages  of  acid-proteids,  howevei 
in  which  the  albuminous  matter  is  completely  saturated,  distinctly 
retard  diastatic  action. 

These  results  harmonize  in  a  general  way  with  the  previous  result 
obtained  by  one  of  us,*  in  which  it  was  found  that  the  presence  (i 
1  per  cent,  peptone  in  an  acid  reacting  fluid,  which  by  itself  almos 
completely  stopped  the  diastatic  action  of  the  saliva,  increased  th 
diastatic  action  of  the  ferment  above  the  action  of  the  neutral  saliv 
and  also  above  the  action  of  the  neutral  saliva  plus  the  1  per  cent,  c 
neutral  peptone. 

We  next  endeavored  to  ascertain  how  much  of  tin*  retarding  actio 
of  acid-peptone  is  due  to  destruction  of  the  fernient.  Without  giv 
ing  details  we  have  found  that  with  saliva  ten  times  diluted  then 
is  a  noticeable  destruction  of  the  ferment  in  the  presence  of  0'02i 
per  cent,  of  combined  acid,  although  it  is  not  great.  In  this  case  i^ 
is  to  be  understood  that  the  amount  of  peptone  present  is  only  sucl 
as  would  furnish  this  percentage  of  combined  acid.  The  following 
percentages  of  starch  converted  (after  neutralization  and  ecjualiza 
tion)  show  the  amount  of  destruction  under  the  different  conditions 


Series 

XIX. 

Lcugth  of  time 
111  40^  C. 

Per  cent, 
combined  HCl. 

Per  cent, 
peptone. 

Slurch  oouvcrtfd 

0 

0 

3 1  -05  per  cent. 

30  1 

miD. 

0-014 

0-26 

31-18 

30 

0-028 

0-50 

30-82 

00 

0-028 

0-50 

29-71 

30 

0067 

1-00 

27-73 

*  Chittendeu  and  Ely,  loc.  eit. 
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It  is  thus  manifest  from  our  results  that  the  retarding  influence  of 
the  larger  percentages  of  acid-peptones  is  out  of  all  proportion  to 
their  power  of  destruction.  Still  larger  percentages  of  acid-saturated 
peptones  produce  a  much  greater  destruction.  Thus,  by  warming 
10  c.c.  of  a  neutral  dilute  saliva  (1  :  5)  with  a  solution  of  peptone 
saturated  witli  acid,  in  such  proportion  that  the  mixture  contained 
0*430  per  cent,  combined  HCl,  there  was  in  30  minutes  an  almost 
complete  destruction  of  the  ferment. 

b.     Influence  of  free  acid. 

In  view  of  the  fact  that  some  time  ago  one  o^  us*  was  of  the 
opinion  that  small  percentages  of  acidf  tended  to  increase  the  dias- 
tatic  action  of  saliva,  it  was  of  especial  interest  now  to  ascertain  defi- 
nitely whether  free  acid  when  present  in  small  percentages  does  inva- 
riably retard  diastatic  action.  Langley  and  Eves  state  that  "  although 
saliva  neutralized  to  litmus  sometimes  shows  an  increase  of  action  on 
the  addition  of  0-0005  to  0001  per  cent.  HCl;  yet  if  the  proteids  of 
the  saliva  be  saturated  with  acid,  there  is  a  diminution  of  its  amylo- 
lytic  action,  although  no  free  acid  is  present  in  the  saliva."  This  we 
cannot  regard  as  correct  without  qualificalion,  since  our  experiments 
appear  to  show  that  saliva  with  its  proteid  matter  saturated  with 
acid  has  a  greater  diastatic  action  in  a  given  time  than  saliva  simply 
neutralized,  provided  the  percentage  of  acid-saturated  proteids  is  not 
too  large.  The  same  investigators  further  state  "  that  0*0015  per 
cent.  HCl  distinctly  diminishes  the  amylolytic  action  of  pytalin," 
and  "  since  0*0015  per  cent.  HCl  decreases  amylolytic  action  it  seems 
very  unlikely  that  0  0005  per  cent,  should  increase  it;"  but  as  Lang- 
ley  and  Eves,  in  studying  the  influence  of  free  acid,  apparently  used 
diluted,  neutralized  saliva,  in  which  the  proteids  present  were  not 
combined  with  acid,  depending  simply  upon  dilution  to  avoid  the 
influence  of  fhese  bodies,  it  seems  to  us  a  little  uncertain  whether 
their  results  are  strictly  accurate  on  this  point,  since  saliva  even 
very  much  diluted  does  contain  some  proteid  matter.  They,  how- 
ever, state  in  this  connection  that  "  we  have  often  found  that  solu- 
tions which  we  have  thought  carefully  neutralized  have  been  in- 
creased in  action  by  the  presence  of  still  smaller  percentages  of  acid, 
viz :  0*0005  to  0*0010  per  cent."  Here,  however,  so  far  as  their  re- 
sults show,  the  observed  increase  of  activity   may  have  been  due  to 


*  Chittenden  and  Griswold,  loc.  cit. 

f  Considered  iis  0  005  per  cent.,  akhough  we  now  know  the  above  figure  could  uot 
represent  free  acid,  owing  to  the  proteid  matter  of  the  saliva. 


28 


Chitteiiden  ami  Smith — DiaMcUic  Action  of  iSalioa. 


the  small  amount  of  acid-proteid  matter  present,  certainly  could  u| 
have  been  due  wholly  to  free  acid. 

Wc  have  tried  a  large  number  of  experiments  on  this  point  in 
variety  of  ways,  all  of  which  tend  to  show  that  a  very  small  tra< 
of  free  acid,  when  the  amount  of  acid-proteids  is  not  large,  doe:l 
Reemingly,  slightly  increase  the  diastatic  action  of  the  ferment, 
is  perhaps,  questionable,  whether  in  the  use  of  such  small  percent 
siges  of  acid,  the  results  are  to  be  strictly  depended  upon.  TW 
presence  of  a  small  amount  of  phosphate  in  the  starch  or  a  trac( 
of  alkali,  not  to  be  detected  by  litmus,  might  easily  neutralize  th( 
small  amount  of  acid  added.  Again,  non-saturation  of  the  proteidi 
to  only  a  very  slight  extent  might  affect  the  result.  We  subjoin  tw< 
or  three  of  our  experiments. 

Series  XX. 

20  C.C.  filtered  saliva  were  neutralized  and  then  sufHcieut  aci( 
added  to  combine  with  the  proteids  present ;  the  mixture  then  diluteu 
to  100  C.C.  The  solution  contained  0*0 1 14  gram  combined  IICl,  but 
no  free  acid.     A. 

20  c.c.  of  the  same  filtered  saliva  neutralized,  and  the  proteids  just 
saturated  with  acid.     3-1  c.c.  O'l  per  cent.  HCl  were  then  added  an( 
the  mixture  diluted  to  100  c.c.     The  solution  contained  001 14  gran 
combiiMjd  H('l,  and  in  addition  00031  gram  free  IICl.     The  solutioi 
gave  a  distinct  violet  with  tropteolin  00.     B. 

Digestions  were  made,  using  1  gram  of  starch  in  a  volume  of  10( 
c.c.     Time,  30  minutes.     Following  are  the  results. 

A.  B. 


|i 


Amoant 
dllnted  rtaliva. 

Wi.  Ca  in 
onc-eiKlith. 

Total  anit. 
8Ugar. 

Wt.  Cii  In 

one-eiKhili. 

Total  nmt. 
HUKar. 

20  C.C. 

0-0U8«  gram. 

O-402'l  gram. 

0  0972  gram 

0-3900  gram. 

10 

0-0917 

0-3730 

0-0921 

0-3752 

5 

0-0820 

0-33G« 

0-0861 

0-3512 

Amoiint 

Starch  convL-rted. 

diluted  saliva. 

A. 

B. 

Vtcv  nci  ill  B. 

20  C.C. 

30-2:5  per  e 

i*nt. 

35-G.')  per 

cunt. 

0-00002  per  cent. 

10 

33-53 

33-78 

0-00031 

5 

30-32 

31  G2 

0-0f)0l5 

Here  there  can  be  no  question  but  that  there  was  free  acid  in  7)*.| 
The  saliva  gave  a  distinct  reaction  with  tropa^olin  00  and  the  starch 
used  was  apparently  neutral.  In  this  instance  0*0000  per  cent,  freef 
acid  slightly  diminished  diastatic  action,  while  0*0003  per  cent.] 
slightly  increased  it. 

A  second  experiment  of  like  nature  gave  the  following  results: 


i^ 
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Series  XXI. 

20  c.c.  filtered  saliva  were  neutralized  and  the  proteids  exactly 
saturated  with  HCl,  then  diluted  to  100  cc.  The  solution  contained 
O"0073  per  cent,  combined  HCl,  but  no  free  acid.  A. 

20  c.c.  of  the  same  saliva  neutralized  and  the  proteids  saturated 
by  the  addition  of  the  same  amount  of  acid  as  in  A  ;  1*2  c.c.  0-1  per 
cent.  HCl  were  then  added,  so  that  a  distinct  tropsBolin  reaction 
could  be  obtained  in  the  41  cc.  of  fluid.  The  fluid  was  diluted  to 
100  cc  and  then  contained  0*0012  per  cent,  free  HCl.     B, 

20  c.c  of  the  same  saliva,  neutralized  and  the  proteids  exactly 
saturated  with  acid ;  then  enough  more  acid  added  to  give  a  distinct 
tropseolin  reaction,  after  which  the  solution  was  diluted  to  100  c.c. 
The  100  cc  of  fluid  contained  exactly  0003  gram  HCl.     C. 

A  drop  of  the  latter  fluid  on  being  tested  gave  a  distinct  violet 
with  tropaeolin  00. 

Following  are  the  results  of  digestions  made  with  the  foregoing 
solutions  of  saliva. 


Amount  of 
dUnted  uUva. 

A. 

Starcb  converted. 

a 

20  CC. 

35*65  per  cent 

35-58  per  cent. 

35*36  per  cent. 

10 

33-71 

33-27 

34-U 

5 

28-81 

29-53 

30-32 

Here  it  is  seen,  as  before,  that  the  smaller  percentages  of  free  acid 
arising  from  the  use  of  5  and  10  c.c.  of  saliva,  show  a  distinctly 
increased  diastatic  activity,  while  with  20  c.c.  the  results  are  very 
nearly  identical ;  too  large  an  amount  of  free  acid  to  increase  the 
action  and  yet  not  enough  to  materially  diminish  it. 

We  next  tried  the  influence  of  increased  percentages  of  free  acid. 

Series  XXII. 

30  CC  filtered  saliva  were  neutralized  and  the  proteids  just  satu- 
rated with  acid,  then  diluted  to  150  c.c. ;  10  c.c.  of  this  diluted  saliva 
equal  to  2  cc.  of  the  original  saliva  were  used  in  each  digestion. 
Following  are  the  results,  after  warming  with  starch  at  40°  C.  for  30 
minutes  in  the  presence  of  the  percentages  of  free  acid  specified. 
The  acid  solutions  were  mixed  with  the  starch  previous  to  the  addi 
tion  of  the  saliva. 


cent,  nree  add. 

Wt.  Cu  In 
one-elgbth. 

Total  amt. 
sugar. 

Starch  converted. 

0 

0*0919  gram. 

0-3744  gram. 

33-71  per  cent 

00006 

0*0924 

0*3768 

33-92 

0-0010 

00773 

0*3152 

28-37 

00020 

0*0166 

0-0744 

6-69 

0*0030 

trace 
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Here  a  slight  increase  is  noticed  with  O'OOOO  per  cent,  followed  a 
0*002  jier  cent,  by  a  rapitl  fall  in  diastatic  action. 

With  stronger  solutions  of  ptyalin,  like  results  were  obtained  a! 
follows : 

Sesies  XXIII. 

Filtered  saliva  was  neutralized  and  the  proteids  just  saturated 
witli  HCl.  An  amount  of  this  fluid  equivalent  to  5  c.c.  of  the  orig- 
inal saliva  was  used  in  each  dii^estion.  In  this  amount  there  was 
present  0*00206  gram  combined  IICl,  but  no  free  acid  whatever. 

Following  are  the  results  of  digestions  with  this  saliva  in  the 
presence  of  the  percentages  of  free  acid  specified. 


Per  j'cnt.  free  add. 

Wt.  Cu  in 
ouc-elghth. 

Total  amt. 
»u|t»r. 

Starch  converted. 

0 

0-095G  gram. 

0-3896  gram. 

35  07  per  cent 

00005 

009G6 

0-3936 

35-43 

00010 

0-0867 

0-3536 

31-80 

00020 

00162 

00728 

6-55 

00030 

traco 

Increasing  now  the  amount  of  saliva  still  further,  so  that  the  per- 
centage of  combined  acid  reaches  a  point  where  its  retarding  influence 
begins  to  be  felt,  the  j)resence  of  the  smallest  amount  of  free  acid 
then  causes  at  once  a  decided  decrease  in  diastatic  action.  Thus, 
using  the  same  saliva  as  was  employed  in  the  preceding  series,  only 
in  sucii  quantity  that  20  c.c.  of  original  saliva  were  present  in  each 
digestive  mixture,  it  was  found  that  the  free  acid  produced  a  much 
greater  retarding  effect  than  before.  The  percentage  of  combined 
hydrochloric  acid,  in  the  form  of  acid-proteids,  contained  in  each 
digestive  mixture  was  0*01064  per  cent.  Following  are  the  results 
of  diastatic  action. 


cent,  free  acid. 

Wt.Culn 
one-elKlith. 

Total  amt. 
BUKur. 

Starch  converted. 

0 

0-0972 

gram. 

0-3960  gram. 

35-05  per  cent 

00005 

00830 

0-3384 

30-40 

00010 

OOUO 

0-1712 

15'11 

0  0020 

U-OOGl 

0-0328 

2-95 

00030 

trace 

This  result  accords  witii  the  statement  made  by  Lanii^ley  and  Eves, 
"that  if  the  proteids  of  saliva  be  saturated  with  acid  there  is  a 
diminution  of  its  amylolytic  action,  althougli  no  free  acid  is  present 
in  the  saliva.  This  diminution  is  made  more  marked  by  the  addition 
of  the  smallest  quantity  of  hydrochloric  acid."  The  above  quanti- 
tative results  plainly  testify  to  the  accuracy  of  the  latter  part  of 
their  statement.  As  to  the  action  of  the  acid-saturated  proteids,  that  i 
is  wholly  dependent  upon  the  percentage  present. 


Chittenden  and  Smith — Diastatic  Actimi  of  Saliva.  31 

c.     Destmctiiw  action  of  free  acid. 

It  has  been  clearly  shown*  that  acid  approximating  to  the  strength 
of  the  acid  of  the  gastric  juice  has  a  destructive  action  on  the  sali- 
vary ferment.  Smaller  percentages  of  acid  have  a  like  destructive 
action.  It  has  at  the  same  time  been  shown  that  the  presence  of  very 
much  smaller  percentages  of  free  acid  stops  the  amylolytic  action 
of  the  ferment.  Is  this  stopping  of  amylolytic  action  in  every  case 
due  to  destruction  of  the  ferment,  or  simply  to  the  retarding  action 
of  its  presence?  Langley,  by  using  an  aqueous  extract  of  the  paro- 
tid of  rabbits,  with  but  little  proteid  matter,  concluded  that  the 
presence  of  0*014  per  cent,  hydrochloric  acid  is  sufficient  to  destroy 
all  but  the  merest  trace  of  ferment  in  five  minutes  at  39^  C.  This 
before  the  action  of  acid-proteids  was  known.  Chittenden  and  Ely 
by  experimenting  with  human  saliva  came  to  the  conclusion  ^^  that 
there  may  be  in  the  presence  of  a  very  dilute  acid,  a  simple  stopping 
of  diastatic  action,  without  desti*uctiou  of  the  ferment;"  in  other 
words,  the  retarding  influence  of  very  small  percentages  of  free  acid 
is  not  necessarily  due  to  destruction  of  the  ferment.  Langley  and 
Eves  criticising  this  conclusion  state  ^^  that  since  Chittenden  and  Ely 
apparently  used  unneutralized  saliva  and  took  no  account  of  the 
proteids  present,  it  seems  to  us  probable  that  not  only  was  there  no 
free  hydrochloric  acid  in  their  experiments,  but  that  even  the  pro- 
teids were  not  saturated  with  acid."  In  the  article  to  which  they 
refer  it  is,  however,  explicitly  stated  in  a  foot  notef  that  the  saliva 
was  neutralized  and  then  an  amount  of  acid  added  to  equal  0*025 
per  cent.  Unfortunately,  we  did  not  then  know  of  the  action  of  acid 
on  the  proteids  of  the  saliva ;  consequently,  the  above  percentage 
must  have  been  mainly  in  the  form  of  combined  acid.  Still,  the 
smaller  percentages  of  fr^e  acid  do  not  show  great  destructive 
action ;  their  power  of  retarding  the  action  of  the  ferment  is  out  of 
all  proportion  to  their  power  of  destruction.  Amylolytic  action  is 
almost  entirely  stopped  by  the  presence  of  0*002  per  cent,  free  hydro- 
chloric acid,  but  warming  saliva  at  40°  C.  with  0*002  or  even  0005 
per  cent,  hydrochloric  acid  for  30  minutes  causes  little  if  any  destruc- 
tion of  the  ferment.  On  neutralization,  diastatic  action  goes  on  as 
vigorously  as  ever. 

This  is  well  illustrated  by  the  following  experiments  : 


*  Chittenden  and  Oriswoldf  loc.  cit. ;  Chittendon  aud  Kiy,  loc.  cit. ;  Langley,  loc.  cit 
f  Amer.  Chem.  Jour.,  vol.  iv,  p.  119. 
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Series  XXIV. 

20  C.C.  of  filtered  saliva  were  neutralized,  the  proteids  just  s! 
ted  with  acid  and  the  mixture  diluted  to  100  c.c.  The  solution 
tained  0*007  per  cent,  combined  HCl. 

10  c.c.  of  this  diluted  saliva  were  warmed  with  the  specifie* 
centagcs  of  acid  for  a  definite  time,  then  neutralizing  and  equa 
mixtures  were  added  and  diastatic  action  determined. 

Following  are  the  results. 


Length  of 
time  at  4U°  C. 

Per  cent,  of 
free  HCl. 

Starch  converted. 

30  minutes, 

0 

32  63  per  cent. 

30 

0001 

34  08 

30 

0002 

3138 

60 

0002 

32-48 

30 

0-005 

31-27 

30 

0010 

4-60 

30 

0-030 

Complete  destructic 

Although  the  results  are  for  some  reason  a  little  irregular  it  is 
evident  that  up  to  0*005  per  cent,  of  free  acid  there  is,  under 
conditions,   no  particular  destruction   of  the  ferment.     With 
per  cent,  on  the  other  hand  destruction  is  very  great. 

As  to  the  bearing  which  these  results  have  on  the  possible  a 
lytic  action  of  saliva  in  the  stomach,  it  is  plain  that  when  the 
of  the  stomach  acquire  an  acid  reaction  due  to  the  presence  o 
hydrochloric  acid,  ptyalin  will  soon  be  destroyed.  In  the  first 
of  digestion,  however,  when  there  is  no  free  acid,  the  conversi 
starch  into  sugar  can  undoubtedly  go  on,  and  at  this  stage  c 
process  the  proteid  matter  present  may  act  as  a  shield  to  prote< 
ptyalin  and  at  the  same  time  to  stimulate  it  in  its  action;  but  j 
acid-proteids  increase  in  amount  and  come  nearer  and  nearer  to 
saturation  point  it  is  possible  that  diastatic  action  may  entirely 
even  before  free  acid  makes  its  appearance.  Certainly  all  sal 
ptyalin  must  ultimately  be  destroyed  in  the  stomach. 

General  conclusions. 

1.  The  diastatic  action  of  saliva  can  be  taken  as  a  definite  i 
of   the  amount  of   ferment  present,  only  when  the  dilution 
saliva  in  the    digestive   mixture  is   as   1  :  50  or    100.     The 
dilution  at  which  decisive  diastatic  action  will  manifest  i* 
formation   of  reducing  bodies  is  1  :  2000-8000,  under  the 
previously  given. 

2.  The  diastatic  action  of  neutralized  saliva  is  greater 
normally  alkaline  saliva.     The  difference  is   particular! 
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where  the  dilution  is  as  1:50  or  100,  and  is  apparently  out  of  all 
proportion  to  the  amount  of  alkalinity. 

3.  Sodium  carbonate  retards  the  diastatic  action  of  ptyalin  in  pro- 
portion to  the  amount  of  alkaline  carbonate  present.  The  percentage 
of  alkaline  carbonate,  however,  which  hinders  diastatic  action  can  be 
designated  only  for  definite  mixtures  and  not  in  a  general  sense, 
being  dependent  upon  the  dilution  of  the  saliva  and  the  consequent 
change  in  percentage  of  proteid  matter. 

4.  The  destructive  action  of  sodium  carbonate  is  modified  mate- 
rially by  the  dilution  of  the  saliva ;  becoming  greater  the  more  the 
duid  is  diluted.  This  result  is  due  not  to  simple  dilution  but  doubt- 
less to  the  diminished  amount  of  proteids. 

5.  Neutral  peptone  has  a  direct  stimulating  effect  on  the  diastatic 
action  of  neutral  saliva. 

6.  The  presence  of  small  percentages  of  neutral  peptone  tends  to 
raise  the  diastatic  action  of  normally  alkaline  saliva,  to  a  point  even 
beyond  the  action  of  the  neutralized  fluid ;  due  in  part  doubtless  to 
a  loose  combination  of  the  alkali  with  the  proteid  matter,  and  also 
to  a  direct  stimulation  of  the  ferment.  Likewise,  peptone  tends  to 
diminish  in  a  similar  manner  the  retarding  action  of  the  various  per- 
centages of  sodium  carbonate.  To  accomplish  this,  however,  the 
amount  of  peptone  must  be  proportionate  to  the  percentage  of  alka- 
line carbonate. 

7.  Peptone  tends  to  prevent  the  destructive  action  of  dilute  sodi- 
um carbonate  on  salivary  ptyalin,  thus  giving  proof  of  the  probable 
formation  of  an  alkaline-proteid  body. 

8.  Saliva  with  its  proteid  matter  saturated  with  acid  appears  to 
have  a  greater  diastatic  action  than  when  simply  neutralized ;  except 
when  the  acid-proteids  thus  formed  are  above  a  certain  percentage. 
Small  percentages  of  peptone  saturated  with  acid,  similarly  increase 
the  diastatic  action  of  neutralized  saliva  up  to  a  certain  point.  In- 
creasing the  percentage  of  acid-proteids  finally  causes  a  diminution 
of  diastatic  activity. 

9.  The  retarding  infiuence  of  acid  proteids  is  out  of  all  proportion 
to  their  power  of  destruction.  Large  percentages,  however,  of  acid- 
proteids  may  cause  almost  complete  destruction  of  the  ferment. 

10.  The  most  favorable  condition  for  the  diastatic  action  of  ptyalin, 
under  most  circumstances,  appears  to  be  a  neutral  condition  of  the 
fluid  together  with  the  presence  of  more  or  less  proteid  matter.  The 
addition  of  very  small  amounts  of  hydrochloric  acid,  however,  to 
dilute  solutions  of  saliva,  giving  thereby  a  amaU  percentage  of  acid- 

Trans.  Cons.  Acad.,  Vol.  VI.  47  March,  1885. 
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proteids,  appears  to  still  farther  increase  diastatic  action.  Under 
8uch  conditions  a  minute  trace  of  free  acid  appears  to  still  farther 
increase  the  action. 

11.  0*003  per  cent,  free  hydrochloric  acid  almost  completely  stops 
the  amylolytic  action  of  ptyalin.  The  larger  the  amount  of  saturated 
proteids  the  more  pronounced  becomes  the  retarding  action  of  free 
acids. 

12.  The  retarding  effects  of  the  smaller  percentages  of  free  acid 
arc  not  due  wholly  to  destraction  of  the  ferment.  Pronounced 
destruction  takes  place  with  0*005-0'010  per  cent  free  hydrochloric 
acid. 

13.  Proteid  matter,  in  influencing  the  diastatic  activity  of  salivary 
ptyalin  acts  not  only  by  combining  with  acids  and  alkalies,  but 
apparently  also  by  direct  stimulation  of  the  ferment 


[FbOM   the  TBANiAOnOHS  OF  THE  GONKBOTICtTT  AOADUT,    VOL.  VII,  1886.] 


The   Amylolytic    action   of    Diastase    of   Malt,   as  modifieI 
BY  VARIOUS  conditions;  studied  quantitatively.     By   R. 
Chittenden  and  Geo.  W.  Cummins,  Ph.B. 

The  clo8e  relationship  existing  between  the  diastase  of  malt  an< 
the  amylolytic  ferment  of  saliva  has  led  us  to  make  a  careful  stud  I 
of  the  conditions  favorable  to  the  action  of  the  former,  in  the  hopJ 
of  obtaining  confirmation  of  previous  results  obtained  with  the  sali| 
vary  ferment.*  The  widespread  use,  moreover,  of  malt  extracts  SLi 
therapeutic  agents  lends  to  the  work  in  question  a  practical  interest] 
which  in  no  wise  detracts  from  its  value. 

Falkf  has  recorded  that  the  diastase  of  malt  loses  its  amy]olyti< 
power  under  the  influence  of  dilute  acid,  similar  to  the  ferment  oi 
saliva;  that  it  is  made  inactive  by  gastric  juice  and  that  the  retard 
ing  mfluence  of  a  dilute  acid  (say  0*0135  per  cent.)  on  its  amylolytic 
power  is  diminished  by  the  presence  of  peptone,  owing  to  the  proba- 
ble formation  of  a  peptone-acid  compound.  Faik,  moreover,  states] 
that  the  retarding  action  of  hydrochloric  acid  is  due  to  destructioi 
of  the  ferment,  since  on  neutralization  of  the  acid,  amylolytic  powei 
is  not  restored.  Kjeldahl|  has  recorded  that  dilute  acids  in  veryl 
small  quantity  retard  the  amylolytic  action  of  diastase ;  if,  however,! 
smaller,  minimum  quantities  of  acid  are  added  the  amylolytic  power | 
of  diastase  is  increased.  The  same  investigator§  has  also  noticed 
a  like  accelerating  action  of  very  small  quantities  of  acid  on  invertin. 
Basnitz||  has  found  that  the  presence  of  carbonic  acid  invariably  in- 
creases the  amylolytic  power  of  diastase.  Detmer^^  has  recorded  the 
same  fact  and  in  addition,  that  small  quantities  of  citric  acid  as  well 
as  of  phosphoric  and  hydrochloric  acid  increase  the  diastatic  power 
of  malt.  Larger  quantities  of  these  acids  render  the  malt  extract  in- 
active. Detmer  has  also  found  that  the  presence  of  a  very  slight 
alkaline  reaction  diminishes  the  amylolytic  power  of  the  ferment. 
Brown  and  Heron**  state  that  a  malt  extract  neutralized  with  barium 
hydroxide  has  its  amylolytic  power  somewhat  weakened ;  thus  im- 

*  Chittenden  and  Smith,  Trans.  Conn.  Acad.,  vol.  vi,  p.  343. 

f  Virchow's  Archiv,  vol  Ixxxiv,  p.  119. 

t  Jahresbericht  fur  Thierchemie,  1879,  p.  382. 

g  Jahresbericht  fur  Thierchemie,  1881,  p.  449. 

I  Beriohte  der  deutsch  chem.  Gesell.,  vol.  xi,  p.  1443, 

^  Zeitschrift  fur  physiol.  chemie,  vol.  vii,  p.  2. 

**  riebig's  Annalen  der  Chemie,  vol  cxcix,  pp.  236-238. 
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plying  that  the  ferment  acts  more  vigorously  in  the  naturally  acid 
extract  than  in  a  neutral  fluid.  The  same  investigators  found  that 
making  the  extract  faintly  alkaline  with  sodium  carbonate  also 
diminished  somewhat  the  activity  of  the  ferment,  while  sodium 
"lydroxide  completely  stopped  the  action  of  the  ferment.  A  like  re- 
ult  was  also  obtained  on  the  addition  of  0'05  per  cent,  salicylic  acid. 
Such  are  the  recorded  statements  bearing  on  this  question.  Few 
[uantitative  results  are  given,  and  the  influence  of  proteid  matter, 
Aide  from  its  connection  with  dilute  acid,  has  not  been  considered. 

Method  employed. 

A  fresh  malt  extract  was  prepared  for  each  series  of  experiments, 
ince  the  fluid  tends  rapidly  to  become  acid,  owing  to  the  develop- 
nent  of  schizomycetes.  The  extract  was  prepared  from  coarsely 
pronnd  malted  barley,  by  simply  extracting  it  with  water  at  40**  C. 
or  two  to  three  hours  (6  grams  barley  to  100  c.  c.  water),  then  filter- 
Dg,  neutralizing  and  diluting  to  500  c.  c. 

Owing  to  the  great  difficulty  of  obtaining  perfectly  neutral  starch, 
hat  used  in  the  present  work  was  prepared  from  potatoes,  thoroughly 
vashed  and  dried,  making  a  starch  perfectly  neutral  to  the  most 
lelicate  test  papers.  The  volume  of  each  digestive  mixture  in  the 
various  experiments  was  100  c.  c,  containing  1  gram  of  starch  pre- 
viously boiled  with  a  portion  of  the  water,  a  definite  quantity  of  the 
nalt  extract  and  a  given  amount  of  acid,  alkali,  or  proteid  matter, 
?xcept  in  the  control,  which  was  naturally  free  from  the  latter.  In 
letermining  amylolytic  power  the  digestive  mixtures  were  warmed 
it  40**  C.  for  thirty  minutes,  after  which  further  ferment  action  was 
stopped  by  boiling  the  fluid.  The  extent  of  amylolytic  action  was 
then  ascertained  by  determining  in  one-fourth  of  the  fluid,  made  up 
bo  100  c.  c,  the  amount  of  reducing  bodies  by  means  of  Allihn's* 
gravimetric  method;  the  reducing  bodies  being  then  calculated,  for 
;he  sake  of  convenience,  to  dextrose,  from  which  in  turn,  was  calcu- 
ated  the  percentage  of  starch  converted. 

Influence  of  sodium  carbonate  on  the  amylolytic  action  of  diastase. 

Previous  experimentsf  with  saliva  have  shown  that  the  percentage 
)f  alkaline  carbonate  which  absolutely  or  to  a  certain  extent  hinders 
.ts  amylolytic  action  can  be  designated  only  for  a  definite  mixture 
ind  not  in  a  general  sense,  owing  to  variations  in  the  amount  of  pro- 

^  2teitschrift  fur  Analytische  Chemie,  yoL  xxii,  p.  448.       f  Chittenden  and  Smith. 
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teid  matter  present  and  doubtlesn  also  in  part  to  increase  or  decree 
in  the  amount  of  ferment. 

It  became  necessary,  therefore,  at  first,  to  ascertain  something 
garding  the  relative  amylolytic  action  of  the  malt  extract,  whij 
contains   some   proteid   matter.     Three   quantities  of  malt  cxtn 
were  employed,  which  by  thirty  minutes  warming  at  40^  C.  wil 
1  gram  of  starch  in  the  manner  already  described,  gave  the  follow 
ing  results : 


Malt  extract. 
10  c.  c. 
15 
25 


Wt.  Cn  Id  M- 
0*1192  gram. 
01489 
01543 


Total  amoont 
reducing  bodies. 

0*2428  gram. 

0*3038 

0*3150 


Starch  converted. 
21*85  per  cent. 
27*34 
28*35 


It  is  interesting  to  note  here  that,  as  in  the  case  of  the  amylolyti 
ferment  of  saliva,  there  is  no  quantitative  relation  between  tl 
amount  of  ferment  and  the  extent  of  amylolytic  action ;  it  is  onlj 
when  the  ferment  solution  is  greatly  diluted  that  amylolytic  acti< 
can  be  taken  as  a  definite  measure  of  the  amount  of  ferraei 
present.  Kjeldahl*  has  likewise  studied  the  influence  of  the  quautit 
of  diastase  upon  the  amount  of  sugar  formed  under  given  conditio! 
and  he  came  to  the  conclusion  that  the  formation  of  sugar  was  pre 
portional  to  the  amount  of  ferment  only  up  to  a  certain  point ;  b( 
yond  which,  increase  in  the  amount  of  ferment  was  not  accompaniei 
by  proportional  increase  in  the  formation  of  sugar. 

Preliminary  experiments  showed  us  that  the  ferment  of  malt  i| 

very  susceptible  to  the  action  of  sodium  carbonate ;  the  addition  oj 

even  0*026  gram  of  the  alkaline  carbonate  to  15  c.  c.  of  perfectl; 

neutral  malt  extract,  with  subsequent  dilution  to  100  c.  c.  allowed  n( 

diastatic  action  whatever.     Following  are  two  series  of  experimenli 

illustrating  the  action  of  different  percentages  of  sodium  carbonate] 

on  the  ferment  under  different  degrees  of  dilution. 

a.  with  15  c.  c.  of  the  standard  malt  extract. 

Total  amount 


NaaCos. 
0 

Wt.  Cu  in  Ji. 
0*1371  gram. 

redacing  bodies. 
0*2794  gram. 

Starch  con 
25.14 

00006 

per 

cent. 

0-1318 

0-2684 

24-15 

O'OOIO 

0-1274 

0-2596 

23.36 

0-0020 

00544 

0-1124 

10*11 

0*0050 

00197 

0-0434 

3*90 

00080 

0-0134 

00312 

2*80 

00100 

0-0135 

0-0314 

2-82 

0*0125 

0*0065 

00148 

1-33 

00250 

0 

• 

*  Jahresbericht  fiir  Thierchemie,  1879,  381. 

f  The  standard  solutions  of  sodium  carbonate  employed  in  these  experiments  wer^ 
made  from  the  chemically  pure  anhydrous  salt. 
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ise  or  (lecrev 


b.  with  30  c  c.  of  the  standard  malt  extract. 

Total  araoQDt 
NaaCOs.  Wt.  CnlnM*  reducing  bodies.      Starch  converted. 

.  0  0-1660  gram.  0*3372  gram.  3034  per  cent 

something    .  OOOl  per  cent.  0-1578  0-3224  2901 

extract,  whi-  0-003  0-1466  0-2986  2687 

malt    extraj  0-005  01147  0-2334  2100 

t    40''    C.    wii  0-010  00380  00796  716 

ive  the  follow  ^'^^^  ^^^^®  ^'^^^^  ^'^^ 

f  0-060  0 

ch  converted  ^^  ^®  cvideiit  from  these  results  that  the  amylolytic  power  of  dias- 

21  85  per  cent.  Bfie,  like  that  of  ptyaline,  is  diminished  in  proportion  as  the  percent- 
-'^^4  igg  Qf  alkaline  carbonate  is  increased.     Moreover,  it  would  appear 

py  comparison  with  results  previously  obtained*  that  diastase  is  far 
he  amylolyttiore  susceptible  to  the  action  of  sodium  carbonate  than  ptyaline,  and 

between  t^lao  that  dilution  of  the  malt  extract  does  not  so  materially  affect 
on  ;  It  IS  onijhe  retarding  action  of  the  different  percentages  of  alkaline  car- 
lolytic  actio^nate  as  in  the  case  of  saliva.  Both  of  these  results,  however,  may 
t  oi  fernieq)e  due  either  to  the  presence  of  a  larger  amount  of  proteid  matter  in 
I  the  quantitihe  saliva  or  to  the  presence  of  a  larger  proportion  of  ferment,  or  in 
en  conditioifact,  to  both.  It  is  noticeable  in  both  series  of  experiments  that  the 
igiir  was  prtmylolytic  power  of  the  ferment  after  gradually  diminishing  appears 
in  point ;  bio  receive  a  sudden  check,  which  in  the  larger  amount  of  malt  ex- 
accompani^ract  is  produced  by  just  double  the  percentage  of  carbonate  requisite 
with  the  smaller  amount  of  malt.  In  this  way  the  effect  of  dilution 
t  of  malt  iJ8  apparent  and  shows  moreover  that  the  exact  influence  of  a  given 

adijition  oj^rcentage  of  the  alkaline  carbonate  can  be  designated  only  for  a 
of  perfectlfletinite  mixture. 
.  allowed  n- 

experiment  Destructive  action  of  sodium  carbonate  on  diastase. 

In  order  to  ascertain  how  far  the  retarding  action  of  sodium  car- 
bonate is  due  to  destruction  of  the  ferment,  the  following  experiment 
Was  tried.     Six  mixtures  were  made  as  follows : 

•nvertcd. 
4  per  ceut. 
5 


G 
1 

) 
) 


1 

^alt  extract ...  30  cc. 
KajCOiSoL  ....     0  *» 
HjO 20  " 

2 
30     cc. 

1-25  "0-ljl 
18-76  »♦ 

3 
30    cc 
;  2-5  " 
17-5  " 

4 
30    cc 
OlJ^   2-5  "  0 
17-5  " 

'^% 

5  6 
30  cc.        30  cc 

5  •*  0-5j|^  10  " 
15  "           10  " 

60 
^er  cent.  NatCoa    0 

60 
0-0025 

50 
0-006 

50 
0025 

50               50 
005            0-1 

O'H 


These  were  warmed  at  40°  C.  for  1  hour,  then  neutralizing  and 
.equalizing  mixtures  were  added  as  follows  : 


*  Chittenden  and  Smith. 
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12  3  4  6 

01  per  cent.  HCl  0  0-42  c.  c.     085  c.  c.    4*25  c.  c.  85  c.  c.  \i 

0-5        »*        Na«Oo,  )*     10   a  c.   9*76  9-6  t-6  50 


[ 


01        "         HOI       )         16-96      16-65  161  12-7  845 

The  six  solutions  were  now  exactly  alike ;  neutral  to  test 
and  contained  the  same  amounts  of  diastase  and  sodium  ch 
They  had,  however,  been  exposed  to  the  action  of  the  above  pi 
ages  of  sodium  carbonate  for  1  hour  at  40°  C.  Their  amy 
power  was  now  determined  in  the  usual  manner  (action  on  1  g 
starch  in  a  total  dilution  of  100  c.  c.)  with  the  following  result 


Mo. 

Wt.  On  in  M. 

Total  amount 
reducing  bodies. 

Starch  convertei 

1 

0'1739  gram. 

0-3558  gram. 

32  02  per  o 

2 

01737 

0-3554 

31-97 

3 

0-1745 

0-3570 

3213 

4 

0-0341 

0-0722 

6-49 

5 

00319 

0-0678 

610 

6 

00281 

0-0602 

6-41 

No  destructive  action  is  apparent  until  0*025  per  cent,  sodiu 
bonate  is  reached ;  warming  the  malt  extract  with  0*005  pe 
sodium  carbonate  causes  no  destruction  whatever,  while  witl 
per  cent,  destruction  is  very  great.  The  amount  of  malt  < 
(30  c.  c.)  experimented  with,  being  the  same  as  was  used  in 
mining  the  influence  of  alkaline  carbonate  on  the  amylolytic 
of  the  ferment,  the  two  series  of  results  are  directly  comparal 
show  plainly  that  the  retarding  action  of  small  percentages, 
present  case  up  to  0*005  per  cent.,  is  due  to  simple  retardatioi 
out  destruction  of  the  ferment.  Beyond  this  point,  hovvevei 
the  presence  of  0*025  per  cent,  the  greatly  diminished  ani} 
action  is  due  to  destruction  of  the  ferment.  Hence  it  would 
that  in  the  case  of  the  diastase  of  malt  the  destructive  ac 
sodium  carbonate  is  out  of  all  proportion  to  its  retarding 
This  apparent  difference,  however,  between  diastase  and  the  p 
of  saliva  is  due,  as  we  shall  show  later  on,  to  the  compar 
small  amount  of  proteid  matter  in  the  malt  extract.  Sali\ 
greatly  diluted,  so  that  the  percentage  of  proteid  matter  is  r 
to  a  minimum,  shows  similar  results. 

Influence  of  neutral  peptone  on  the  amylolytic  action  of  diai 

It  was  demonstrated  some  time  since,f  that  the  presence  of 
peptone  tends  to  increase  the   amylolytic  action  of  neutral 


*  The  two  equalizing  mixtures  were  united  before  being  ndded  to  the  main  s 
f  Chittenden  and  Ely,  Araer.  Chem.  Jour.,  vol.  iv,  107. 
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Xangley  and  Eves*  have  confirmed  this  statement,  although  they  do 
not  believe  in  the  theory  of  a  direct  stimulation  of  the  ferment, 
advanced  by  one  of  us.  We  find  now  that  neutral  peptone  added  to 
s  neutral  solution  of  malt  diastase,  similarly  increases  its  amylolytic 
action ;  the  increase  being  even  greater  than  noticed  in  the  case  of 
neutral  saliva.  Two  series  of  experiments  were  tried  with  the  fol- 
lowing results ;  the  peptone  used  being  made  perfectly  neutral  with 
a  dilute  solution  of  sodium  carbonate. 

a.  with  1 5  c.  c.  of  the  staDdard  malt  extract. 

Total  amoant 
Peptone.  Wt.  Ca  Id  M*  redacing  bodies.  Starch  coDverted. 

0  0*1140  gram.  0*2320  gram.  20*88  per  cent. 

0*1  per  cent.  0*1645  0*3154  28*38 

0*2  0*1512  0*3084  27*76 

0*3  01494  0*3048  27*43 

0*5  01457  0*2970  26*73 

1-0  0*1427  0-2910  2619 

h.  with  30  c.  c.  of  the  standard  malt  extract. 

0  0*1785  gram.  0*3654  gram.  32*88  per  cent. 

0*1  per  cent.        01847  0*3772  33*94 

0-3  0*1912  0*3916  35*24 

Peptone  causes  increased  amylolytic  action  throughout;  with  15 
^  c.  of  malt  extract,  the  smallest  amount  of  peptone  gives  the 
a^reatest  acceleration,  which  slowly  diminishes  as  the  percentage  of 
peptone  is  increased ;  with  30  c.  c.  of  malt  extract,  however,  accel- 
eration, which  is  much  less  than  in  the  preceding  series,  increases 
with  the  increase  in  peptone.  It  is  hard  to  find  any  reason  for  this 
acceleration  in  amylolytic  action,  other  than  a  direct  stimulation  of 
the  ferment. 

lufluence  of  sodium  carbonate  on  the  amylolytic  action  of  diastase 

in  the  presence  of  proteid  matter. 

Proteid  matter  tends  to  prevent  the  retarding  action  of  sodium 
carbonate  on  this  ferment,  as  in  the  case  of  the  salivary  ferment. 
Thus,  the  addition  of  neutral  peptone  to  a  malt  extract  allows  vigor- 
ous amylolytic  action  to  take  place  in  the  presence  of  percentages  of 
sodium  carbonate,  which  alone  would  completely  destroy  the  ferment. 
The  following  experiments,  using  15  c.  c.  of  the  standard  malt  extract 
in  each  instance,  illustrate  the  influence  of  peptone  on  the  action  of 
sodium  carbonate. 


♦  Journal  of  Physiology,  vol.  iv,  No.  I. 
TBAN&  Conn.  Aoad.,  Vol.  VII.  7  Oct.,  1885. 
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With  0*5  per  cent,  neutral  peptone. 


NrjCOj. 

Wt.  Cq  in  M- 

ToUl  amount 
reducing  bodlei. 

Starch  converted. 

0 

01 388  gram. 

0*2828  gram. 

25*45  per  cent 

0-001  per  cent. 

01443 

0-2942 

26-47 

0002 

01431 

0-2918 

26-27 

0003 

01486 

0-3030 

27-27 

0-004 

01404 

0-2860 

25-74 

0005 

0-1406 

0-2864 

25-77 

0010 

01317 

0-2682 

24-13 

It  is  thus  seen  that  the  presence  of  0-5  per  cent,  of  neutral  peptone 
entirely  prevents  the  retarding  action  of  the  several  percentages  of 
sodium  carbonate,  except  in  the  last  experiment  of  the  series  where 
slight  retardation  is  apparent.  It  is  to  be  remembered  here  that 
even  0*005  per  cent,  of  sodium  carbonate  alone,  almost  completely 
stops  the  action  of  the  ferment.  What  at  first  sight  appears  to  be 
strange  in  this  last  series  of  experiments,  is  that  the  first  three  per- 
centages of  sodium  carbonate  cause  a  gradual  increase  in  amylolytic 
action  over  that  of  the  neutral  fiuid  plus  like  percentage  of  peptone. 
The  explanation  of  this,  however,  is  quite  simple.  In  studying  the 
influence  of  neutral  peptone  on  the  action  of  the  ferment  (15  c.  c 
malt)  it  was  found  that  the  greatest  acceleration  of  amylolytic  action 
was  obtained  with  the  smallest  percentage  of  peptone,  and  moreover 
that  ferment  action  diminished  in  proportion  as  the  peptone  was 
increased.  Now  peptone  undoubtedly  prevents  the  action  of  sodium 
carbonate  on  the  ferment  by  combining  with  it,  forming  an  alkaline 
carbonate-proteid  compound,  possessed  of  but  little  retarding  action  ; 
hence  in  the  above  experiment  the  first  action  of  the  smallest  percen- 
tages of  sodium  carbonate  is  to  diminish  the  amount  of  free  peptone, 
thus  causing  slight  acceleration  ;  further  on,  however,  the  increased 
amount  of  alkaline-protcid  body  formed,  counteracts  the  accelerating 
influence  of  the  free  peptone,  when  gradual  retardation  commences; 
finally,  increase  in  the  percentage  of  sodium  carbonate  leads  to  the 
presence  of  free  sodium  carbonate,  when  amylolytic  action  comes  to 
a  sudden  standstill.  This  point  being  reached,  increasing  the  per- 
centage of  peptone  prevents  the  stoppage  of  ferment  action.  Thii 
is  well  illustrated  by  the  following  series  of  experiments,  using  larger 
percentages  of  both  peptone  and  sodium  carbonate,  but  15  c.  c.  of 
the  malt  extract,  as  before. 
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Nentrftl  peptone. 

Nat  CO,. 

wt.  Ca  In  M- 

Total  amonnt 
redaclng  bodies. 

Starch 
conyerted. 

I'O  per  cent 

0 

0*2078  gram. 

0*4268  grnm. 

38  41  per  cent 

1*0 

0*01 0  per 

cent 

01583 

0*3234 

2910 

1-0 

0-025 

0-1529 

0*3122        • 

27-09 

10 

0050 

01351 

0*2754 

24-78 

10 

0-100 

0*0086 

0*0209 

1-88 

2-0 

0100 

0*1341 

0-2730 

24-57 

Here,  as  before,  the  retarding  action  of  sodium  carbonate  is  held 
ID  check  by  the  peptone,  although  there  is  slight  retardation  due  to 
the  alkaline-proteid  body  formed.  Finally,  the  percentage  of  sodium 
carbonate  being  increased  beyond  the  necessary  proportion  of  pep- 
tone,  there  is  a  sudden  cessation  of  ferment  action.  Increasing  the 
amount  of  peptone,  however,  prevents  this  retarding  action;  evi- 
dently the  alkaline-proteid  body  is  without  much  effect  on  the  fer- 
ment, only  slowly  diminishing  its  amylolytic  power. 

Ii\fiuence  of  aeidproteids  on  the  amylolytic  action  of  diastase. 

Falk  has  noticed  that  peptone  prevents  to  a  certain  extent,  the 
retarding  action  of  dilute  acid  on  this  ferment;  no  quantitative 
results,  however,  have  been  recorded,  nor  has  any  attempt  been  made 
to  ascertain  whether  said  action  is  due  to  simple  retardation,  or 
destruction  of  the  ferment,  or  both.  The  action  of  acids,  whether 
free  or  combined  with  proteid  matter,  on  the  diastase  of  malt  is 
particularly  important,  in  view  of  the  rapid  passage  of  the  ferment 
into  the  stomach  when  taken  in  therapeutical  preparations.  Its 
ultimate  fate  must  depend  in  great  part  upon  the  action  of  free  and 
combined  (proteid)  hydrochloric  acid  upon  it.  It  is,  moreover,  im- 
portant to  compare  the  behavior  of  the  ferment  in  this  respect,  with 
the  amylolytic  ferment  of  saliva. 

An  aqueous  extract  of  malt  prepared  as  described,  contains  but 
little  proteid  matter;  as  a  rule  2-0-2-5  c.  c.  of  01  per  cent,  hydro- 
chloric acid  are  required  to  completely  saturate  the  proteid  matter 
contained  in  30  c.  c.  of  the  neutral  malt  extract.  This  point  was 
ascertained  by  use  of  the  tropaeolin  test  for  free  acid  as  recommended 
by  Danilewsky.*  Thus,  by  way  of  illustration,  in  one  instance  30  c.  c. 
of  carefully  neutralized  malt  extract  required  the  addition  of  3*3 
c.  c.  0*1  per  cent.  HCl  to  give  the  tropaeolin  reaction  for  free 
acid,  and  since  nothing  smaller  than  0  003  per  cent,  free  HCl  can  be 
detected  by  this  method,  it  follows,  making  the  proper  deduction, 
that  2*3  c.  c.  of  O'l  per  cent.  HCl  are  required  to  completely  saturate 

♦  Centralbl.  Med.  Wiss.,  1880 ;  also  description  in  Trans.  Conn.  Acad.,  vol.  vi,  p.  360. 
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the  proteid  matter  in  30  c.  c.  of  the  extract,  which  would  then  contain 
0*0023  per  cent,  combined  HCl  in  the  form  of  acid-proteids.* 

Our  first  experiments  were  made  to  ascertain  the  influence  of  small 
percentages  of  combined  acid  on  the  action  of  the  ferment,  viz :  the 
influence  of  such  additions  of  dilute  acid  to  the  neutral  malt  extract 
as  would  completely  saturate  the  proteid  matter  present,  without 
giving  any  free  acid  whatever.  The  results  plainly  show  that  the 
addition  of  very  small  quantities  of  dilute  hydrochloric  acid  to  a 
neutral  solution  of  diastase  increases  the  amylolytic  action  of  the 
ferment.     Following  are  a  few  of  the  results  obtained. 

A.  Malt  extract,  neutral  to  test  papers,  required  2*4  c.  c.  0*1  per  cent. 

HCl  to  completely  saturate  the  proteid  matter  in  30  c.  c. ;  the 
fluid  was  then  acid  to  test  papers  but  contained  no  free  acid. 

a.  with  30  c.  c.  of  the  malt  extract. 

i\'r  cent.  Total  nmount 

combined  HCl.  Wt.  Cu  in  ^.  redacinK  bodies.       Starch  converted. 

0  01 630  prraiu.  0*3332  gram.  29*98  per  cent. 

00024  01749  03578  3219 

ft.  with  ir>  c.  c.  of  the  malt  extract. 

0  01285  gram.  0-251(>  f^ram.  23  54  per  cent. 

00012  01460  0-2970  26*78 

B.  Malt  extract,  neutral  to  test  papers,  required  3*1  c.  c.  0*1  per  cent. 

II CI  to  satui'ate  the  proteid  matter  in  30  c.  c.  of  the  extract. 

a.  with  30  c.  c.  of  the  malt  extract. 


IVr  cent, 
combined  HCl. 

Wt.  Cu  In  Ji. 

Total  auiouut 
redadng  bodleH.       Starch  converted. 

0 

0*1595  gram. 

0-3258  gram. 

29-32  per  cent. 

00031 

0-1761 

0-3602 

32-4 1 

h.  with  15  CO. 

of  the  malt  extra(rt. 

0 

0-1319  gram. 

0-2686  gram. 

24-17  per  cent. 

000155 

0-1599 

0-3266 

29-39 

C.   With  30  c.  c.  of  malt  extract ;  two  distinct  prepar.itiuns. 


Per  cent, 
combined  HCl. 

Wt.  Cu  In 

H> 

Total  amount 
reducing  bodies. 

starch  convert <'f|. 

0 

0-1575 

gram. 

0-3214  gram. 

28-92  per  cent. 

00023 

0-1766 

0-3612 

32-50 

0 

0*1681 

0-3438 

.10  94 

0*0023 

0*1770 

0-3620 

32-5S 

»  Doubtless,  however,  it  i.s  not  wholly  as  HCl-proteid,  since  the  extract  frocniently 
contains  a  trace  of  sodium  lactiito. 
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Such  a  degree  of  uniformity  in  the  results,  makes  it  evident  that 
the  slight  Accelerating  action  of  the  acid-proteid  is  a  constant  one 
under  the  above  conditions,  and  indeed  all  of  our  results  in  this 
direction  clearly  indicate  such  to  be  the  case. 

Although  acid-proteid  thus  accelerates  amylolytic  action,  it  is  still 
able  under  slightly  different  conditions  to  retard  the  action  of  the 
ferment  and  even  cause  destruction ;  thus  by  warming  the  amount 
of  ferment  (30  c.  c.  malt  extract),  used  in  the  preceding  experiment, 
at  40°  C.  for  1  hour  with  the  acid  necessary  to  saturate  the  proteids, 
in  a  total  volume  of  50  c.  c,  thus  doubling  the  percentage  of  acid, 
amylolytic  action  was  found  on  subsequent  neutralization  and  testing 
with  starch  paste,  to  be  very  much  diminished.  The  following  results 
obtained  with  the  two  malt  extracts  used  in  C  illustrate  this  point : 

a.  b,  c.  d. 

Per  cent.  HCl  ..       0  00046  0  00046 

Malt  extract 30  c.  e.  30     c.  c.  30  c.  c. 

0-1  percent.  HCl      0  23    "  0 

H,0 20    **  17-7     "  20    •' 


30 

c.  c 

2-3 

u 

17-7 

(i 

50-0  c.  c.  50-0  c.  c.  500  c.  c.  50*0  c.  c. 

These  solutions  were  warmed  at  40°  C.  for  1  hour,  then  neutraliz- 
ing and  equalizing  mixtures  were  added,  after  which  amylolytic 
action  was  determined  by  adding  starch  paste,  diluting  to  100  c.  c, 
warming  at  40**  C.  for  30  minutes,  etc.,  with  the  following  results, 
expressed  in  the  percentage  of  starch  converted  into  sugar. 

a.  6.  c.  d. 


30-24  21-74  29-25  22-96 

Hence,  it  is  apparent  that  under  these  conditions,  acid-proteids  may 
exert  a  destructive  action  on  the  ferment.  This  destructive  action 
takes  place  with  considerable  degree  of  rapidity,  as  is  shown  by  the 
following  experiment,  which  at  the  same  time  illustrates  the  acceler- 
ating action  of  smaller  percentages  of  combined  acid  and  confirms 
the  preceding  experiments. 

The  neutral  malt  extract  required  2*4  c.  c.  0*1  per  cent.  HCl  to 
combine  with  the  proteid  matter  in  30  c.  c. 


Destructive  action. 

Accel  en 

atln 

— ^ 

g  action. 

1. 

f. 

^ 

s. 

4- 

5. 

Malt  extract 

30  c.  c. 

30     c.  c. 

30     c.  c. 

30  V.  c. 

30  CO. 

01  percent  HCl 

0 

2-4    " 

2-4     " 

0 

2-4  '♦ 

HaO 

20    " 

17-6    " 

17-6    " 

70*  *• 
100 

70*  " 

60    " 

60       " 

50       ♦* 

100 

Percent  HCl ... 

0 

0-0048 

0-0048 

0 

0-0024 

*  Containing  one  gram  of  starch. 
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The  amylolytic  action  of  4  and  5  was  tested  directly  by  warming 
the  mixtures  at  40°  C.  for  30  minutes  and  then  determining  At 
amount  of  reducing  bodies.  No.  1  (the  control)  was  warmed  at  iO* 
C.  for  30  minutes,  while  No.  2  was  warmed  at  the  same  temperature 
for  15  minutes  and  No.  3  for  30  minutes.  Neutralizing  and  equalis* 
ing  mixtures  were  added  as  follows : 

i. 
0-1  per  cent.  NaiCOa ...  0 

0-1  per  cent.  flOl 2*4  c.  c. 

01  percent.  Na,CO,-..  36    " 

All  three  were  then  mixed  with  one  gram  of  starch  and  made  up 
to  100  c.  c.  in  order  to  determine  amylolytic  action ;  each  solatioB 
was  neutral  and  contained  the  same  quantity  of  sodium  chloride  as 
well  as  the  same  amount  of  ferment  and  starch.  Following  are  the 
results  of  all  five : 


I 


2. 

S. 

3-5  c  c. 

3*5  c.  a 

0 

0 

0 

0 

Wt.  On  in  \i. 
01630  gram. 
0-1263 
01195 

0-1628 
0-1U9 


Total  amount 
rednclnff  bodies. 

0*3332  gram. 

0-2564 

0-24.^4 

0-3322 
0-3578 


Starch  conTerted. 
29-98  per  cent. 
22-98 
21-90 

29-89 
32-19 


It  is  thus  seen  that  with  this  amount  of  ferment,  0*0024  per  cent. 
combined  acid  causes  an  acceleration  in  amylolytic  action  (Noa.  4 
and  5)  amounting  to  over  2  per  cent,  in  the  quantity  of  starch  con-. 
verted,  while  warming  the  same  amount  of  ferment  with  the  same; 
amount  of  acid,  but  under  a  less  degree  of  dilution,  causes  a  destroc*: 
tion  of  the  ferment  amounting  to  7  per  cent,  in  the  conversion  of  tbe| 
starch;  15  minutes  longer  at  40^  C.  causes  only  a  slightly  incn 
destruction. 

Influence  of  acid-peptone. 

By  increasing  the  amount  of  proteid  matter,  larger  percentages 
hydrochloric  acid  can  be  added  to  a  malt  extract  without  retard!] 
the  action  of  the  ferment  or  even  interfering  with  the  acceleratii 
action  of  the  smaller  percentages.     As  previously  stated,  Falk 
shown  that  peptone  prevents  to  a  certain  extent  the  retarding  actu 
of  hydrochloric  acid,  but  it  does  more  than  this,  it  causes  acceh 
tion  in  ferment  action  not  only  in  neutral  solution,  as  already  sho^ 
but  in  an  acid  solution  likewise,  provided  there  is  an  excess  of  pep-J 
tone  present,  in  which  case  the  acid-peptone  compound  formed,  caui 
greater  acceleration    than    the   same   percentage   of   peptone    aloi 
would  do  if  added  to  a  neutral  solution  of  the  ferment.     The  folloi 


of  THcL8t<Me  of  MaUy  as  modified  by  various  conditions.        47 

ing  experiments,  which  we  have  repeated  many  times,  testify  to  the 
accuracy  of  this  statement: 


•  cent. 
>ioDe. 

Per  cent, 
combined  HCl 

0-2 

0 

0-2 

0-0003 

0-2 

0-0005 

0-2 

00030 

0-2 

00050 

0-2 

0 

0-2 

0-0003 

0-2 

00005 

0-2 

0-0010 

0-2 

0-0030 

0-2 

0-0050 

t.  On  in  M- 

Total  amount 
redaclnK  bodies. 

Starch 
couTcned. 

0-2118  gram. 

0-4356  gram. 

39-20  per  cent 

0-2168 

0-4460 

40-14 

0-2115 

0-4348 

3913 

0-2165 

0-4454 

4018 

0-2175 

0-4478 

40-30 

0-1730 

0-3540 

'      31-86 

0-1726 

0-3532 

31-78 

0-1802 

0-3688 

33-17 

0-1794 

0-3672 

3304 

0-1765 

0-3610 

32-49 

0-1775 

0-3632 

32-68 

Acceleration  in  amylolytic  action  is  here  quite  noticeable ;  the  pep- 
tone, however,  is  in  considerable  excess.  As  the  peptone  approaches 
saturation,  retardation  commences  as  is  shown  by  the  following  ex- 
periments ;  such  a  point  being  reached,  however,  retardation  can  be 
completely  prevented  by  increasing  the  amount  of  peptone. 


Per  cent. 
Peptone. 

Per  cent, 
combined  HCI. 

Wt.  Cn  In  M- 

Total  amonnt 
reducing  bodies. 

SUrch 
conrerted. 

0-2 

0 

0-1716  gram. 

0-3508  gram. 

31-57  per  cent. 

0-2 

0008 

0-1732 

0-3424 

30-81 

0-2 

0-010 

0-1631 

0-3334 

30-00 

0-2 

0-012 

0-1442 

0-2940 

26-46 

06 

0 

0-1633 

0-3338 

3004 

0-5 

0-012 

0-1652 

0-3376 

30-38 

0-5 

0-025 

01170 

0-2384 

21-45 

The  peptone  employed  in  this  last  experiment  required  11 '8  c.  c.  of 
O'l  per  cent,  hydrochloric  acid  to  completely  saturate  0-2  gram,  con- 
sequently in  the  fourth  experiment  the  peptone  was  more  than  com- 
pletely saturated  with  acid,  but  the  amount  of  free  acid  could  have 
been  only  0*0002  per  cent.  In  the  last  expenment,  however,  retard- 
ing action  is  due  wholly  to  acid-peptone,  no  free  acid  at  all  being 
present.  Increasing  the  percentage  of  combined  acid  still  further, 
the  proteid  matter  at  the  same  time  being  just  saturated,  causes  far 
greater  retardation  in  the  action  of  the  ferment. 


Per  cent. 
Peptone. 

Per  cent, 
combined  HCI. 

Wt.  Cu  In  ^. 

Total  amount 
reducluK  bodies. 

Starch 
converted. 

0-6 

0 

0-1607  gram. 

0-3282  gram. 

29-53  per  cent. 

0-5 

0-012 

0-1661 

0-3394 

30-54 

0-6 

0-015 

0-1670 

0-3412 

28-70 

0-6 

0025 

0-1202 

0-2448 

22-03 

0-5 

0-035* 

0-0317 

0  0674 

6-06 

*  With  this  percentage  the  peptone  is  exactly  saturated  with  acid. 


g. 

S. 

4. 

16  c.  c. 

15  c. 

c. 

1 5  c.  c. 

20 

20 

20 

1 

2 

4 

14 

13 

11 

50 

50 

50 

01   per 

cent. 

01 

per 

cent 

O-l    p 

0-002 

0-004 

0008 
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All  of  these  results  show  acceleratioTi  under  the  influence  of  small 
percentages  of  combined  acid,  followed,  as  the  percentages  are  in- 
creased, by  decided  retardation,  thus  agreeing  with  the  results  pre- 
viously obtained  with  the  salivary  ferment. 

The  destructive  action  of  small  percentages  of  acid-peptone  on  the  ' 
ferment  is  not  great  in  the  presence  of  an  excess  of  peptone,  but  as 
the  peptone  approaches  saturation  its  destructive  power  is  increased, 
and  when  completely  saturated  with  acid,  a  moderate  amount  of 
peptone  so  combined  will  quickly  and  completely  destroy  the  fe^ 
ment.     This  is  plainly  shown  in  the  following  series  of  experiments: 

i. 

Malt  extract 15  c.  c. 

Peptone  sol.* 20 

HCl  0-1  per  cent 0 

HaO 15 

50 

Peptone 0*1  per  cent       0-1   percent.      01    percent     O-l    percent 

Combined  HCl 0 

These  mixtures  were  warmed  at  40°  C.  for  30  minutes.  20  c.  c.  of  i 
the  peptone  solution  together  with  15  c.  c.  of  the  malt  extract  re-  \ 
quired  4*0  c.  c.  of  0*1  per  cent,  hydrochloric  acid  to  saturate  the  j 
proteid  matter,  consequently  in  the  above  mixtures,  2  and  3  contained 
a  large  excess  of  uncombined  peptone,  while  in  4  the  proteid  matter 
was  just  saturated. 

Neutralizing   and   equalizing   mixtures   were    added   to  each   as 
follows : 


I 


1. 

g. 

S, 

4. 

01  per  cent.  NaiCO,  ;   ...  0 

1*5  c.  c. 

3     c.  c. 

5-9  ox; 

01        '♦        Na,CO, 5-9c.  c. 

4-4 

2-9 

0 

01        "         HCl 4-0 

3-0 

30       . 

0 

The  solutions  were  now,  on  being  diluted  to  100  c.  c,  in  every  re- 
spect equal.  Their  amylolytic  power  on  being  tested  with  starch 
paste  was  as  follows  : 


No. 

Wt.  Ca  In  H. 

Total  amoant 
reducing  bodies. 

Starch 
converted. 

1 

01695  gram. 

0-3258  gram. 

29-32  per  cent. 

2 

0152'7 

0-3118 

28*06 

3 

01239 

0-2622 

22-69 

4 

trace. 

Hence,  when  the  proteid  matter  present  is  only  one-quarter  sat**:^ 
rated  with  acid,  the  acid- peptone  so  formed  may  exert  some  destmO"., 


*  The  peptone  solution  contained  0*250  g^ani  peptone  in  100  c.  c.  water  and  W 
made  neutral  to  test  papers ;  20  c.  c.  therefore  contained  0*050  gram  peptone. 
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live  action  on  the  ferment ;  when  half  saturated,  destructive  action  is 
more  pronounced  ;  when  wholly  saturated  it  is,  under  the  above  con- 
ditions, complete. 

Frequently,  such  small  percentages  of  combined  acid  as  the  above 
will  have  no  retarding  effect  whatever  on  amylolytic  action,  though 
if  the  ferment  be  warmed  for  half  an  hour  with  the  same  percentage 
of  peptone  and  combined  acid,  its  subsequent  amylolytic  power  will 
be  much  reduced,  owing  to  a  partial  destruction  of  the  ferment. 
This  is  well  illustrated  by  the  following  series  of  experiments  : 

A.  B. 


/.  IB,  S,  4*  ^'  ^' 

Malt  extract 1 5  c.  c.  15  c.  c.         15  c.  c.  1 5  c.  c.  1 5  c.  c.  15  c.  c. 

01  percent.  HCl..     0  12  0  2  4 

Peptone  sol.  0'5j^..   10  10  10  20  20  20 

H«0 25  24  23  65*  63*  61* 

50  50  50  100  100  100 

Combined  HCl 0  0-002j^         0004^         0  0002^         0'004;r 

Peptone Q\%  01  01  {S'\%  01  0-1 

No8.  4,  5  and  6  were  warmed  directly,  with  the  starch,  for  30  min- 
utes at  40°  C.  and  the  reducing  bodies  determined.  Nos.  1,  2  and  3 
were  warmed  at  40°  C.  also  for  30  minutes,  then  neutralizing  and 
equalizing  mixtures  were  added,  the  solutions  diluted  to  100  c.  c.  and 
warmed  with  1  gram  of  starch  for  30  minutes  at  40°  C.  The  follow- 
ing results  show  the  amylolytic  power  of  the  six  solutions: 


Wt.  Cu  In  M. 

Total  amount 
reducing  bodies. 

Starch 
converted. 

01482  gram. 

0-3024  gram. 

27.21  percent. 

01412 

0-2876 

25-88 

01351 

0*2754 

24-78 

01694 

0-3256 

2930 

0-1628 

0-3324 

29-91 

01605 

0-3282 

29-62 

In  series  A,  we  see  a  gradual  decrease  in  the  amylolytic  power  of 
the  solutions ;  this  can  be  due  to  nothing  but  the  destructive  action 
of  the  acid-peptone  compound,  for  the  solutions  are  in  every  respect 
alike,  being  in  the  same  degree  of  dilution  and  containing  the  same 
amount  of  sodium  chloride,  etc.  The  destniction  is  not  great,  as 
the  peptones  are  in  considerable  excess.  In  series  B,  where  the  fer- 
ment is  exposed  to  the  direct  action,  in  the  presence  of  the  starch,  of 
the  same  percentage  of  peptone  and  acid  there  is  no  retardation  of 

*  Containing  1  gram  of  starch. 
Tbahb.  Conn.  Aoad.,  Vol.  VII.  8  Oct.,  1885. 
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amylolytic  action  whatever ;  presamably  because  of  the  rapid  actioii 
of  the  ferment  and  the  slow  retarding  action  of  the  acid-peptone. 

Influence  of  free  acid  on  the  amyUAytic  action  of  diastaee. 

As  might  be  expected,  free  hydrochloric  acid,  even  in  very  small 
quantity  at  once  stops  the  amylolytic  action  of  this  ferment,  quickly 
destroying  it.  It  is  interesting,  however,  to  compare  the  action  of 
very  small  percentages  of  free  acid  with  results  obtained  in  likt 
manner  with  the  salivary  ferment.  The  first  experiment  gave  the 
following  results:  the  malt  extract  used,  required  per  30  c.  c,  2-4  c  c 
O'l  per  cent,  hydrochloric  acid  to  saturate  the  proteid  matter. 

Per  cent.  Per  cent.  Total  amount  Starch 

combined  HCl.       free  HGl.  Wt.  Cn  in  H.      redncing  bodice.      conyerted. 

0  0  0*1378  gram.  0*2808  gram.  25*27  percent. 

00024  0  0*1684  0*3236  29*12 

00024  0*001  0*1486  0*3032  27*29 

00024  0*003  0*0805  0*1642  14*77 


i 


With  another  malt  extract  not  so  active,  but  containing  the 
percentage  of  acid-proteids,  the  following  results  were  obtained : 

Total  amount 
Free  HCl.  Wt.  Co  In  M-  reducing  bodice.         Starch  conyerted. 

0  0-0780  gram.  0*1592  gram.  14*32  per  CMit 

00003  per  cent.  00719  0*1470  13*23 

00005  0*0631  0*1294  11*64 

0*0020  00380  0*0796  7*16 

0*0030  00091  00222  1*99 

From  these  two  series  of  results  it  is  quite  evident  that  a  very  small  l 

percentage  of  free  hydrochloric  acid  will  stop  the  amylolytic  actioa 

of  this  ferment.    The  main  action  of  the  acid  is  that  of  destmctioOi  j 

killing  the  ferment  very  quickly.      The  following  is  a  sample  of 

several  experiments  tried,  to  ascertain  how  far  retardation  is  dae  (a, 

destruction  of  the  ferment. 

i.  S,  s,  ^ 

Neutral  malt  extract 30   c.  c.  30   c.c.  30   c.  c.  30   ca 

01  per  cent  HCl  to  saturate  proteids        2*2  "         2*2  "  2*2  "         2*2  «* 

01  percent  HCl  for  free  acid 0  05  "  1*0  '*  1*6  " 

HaO .-  17*8"  17-3**  16*8"  16*3  *< 

50      "        60      "        500  "        50*0  •* 
Per  cent  free  HCl 0  0*001  0*002         0*008 


These  solutions  were  warmed  at  40°  C.  for  30  minutes,  then 
tralizing  and  equalizing  mixtures  were  added  and  the  amylolytiSvj 
power  determined.     No.  1  converted  the  usual  amount  of  starch  into 
sugar,  but  No.  2  showed  only  a  trace  of  amylolytic  power  and  Noi 
3  and  4  none  at  all.     Evidently  then  0*001  per  cent,  of  free  acid  lu 
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all  bat  completely  destroyed  the  ferment  by  30  minutes  warming  at 
40**  C. 

In  conclusion  then,  we  have  to  notice  a  greater  susceptibility  on 
the  part  of  this  ferment  to  the  action  of  acid-proteids  and  free  acid 
than  the  salivary  ferment.  Whether  this  latter  point  constitutes 
any  real  difference,  it  is  hard  to  say,  since  the  apparent  increase  in 
amylolytic  action  noted  in  the  presence  of  traces  of  free  acid  in  the 
case  of  saliva  (0-0001-0*0006  per  cent,  free  HCl)  involve  such  small 
quantities  as  to  make  the  results  somewhat  questionable,*  since  such 
very  small  additions  of  acid  might  perhaps  be  used  up  by  the  phos- 
phates or  other  salts  present.  But  taking  the  evidence  of  the  results 
and  comparing  them  with  results  obtained  in  like  manner  with  the 
diastase  of  malt,  it  would  certainly  appear  that  the  latter  is  more 
susceptible  to  the  action  of  free  acid  than  the  salivary  ferment, 
though  both  are  very  readily  destroyed  by  a  few  thousandths  of  one 
per  cent,  of  free  HCl. 

In  other  respects,  the  ferment  of  malt  behaves  similarly  to  the  fer- 
ment of  saliva ;  both  act  better  in  a  neutral  than  in  an  alkaline 
solution ;  proteid  matter  too,  prevents  the  retarding  action  of  alka- 
line carbonate  and  thus,  as  in  the  case  of  saliva,  the  action  of  a  given 
percentage  of  sodium  carbonate  on  diastase  is  dependent  in  part, 
upon  the  concentration  of  the  fluid  and  the  consequent  amount  of 
proteid  matter  present.  Neutral  peptone,  moreover,  exerts  a  direct 
stimulating  effect  on  the  amylolytic  action  of  neutral  diastase. 
Greatest  amylolytic  action,  as  in  the  case  of  saliva,  is,  however,  ob- 
served in  the  presence  of  proteid  matter  partially  saturated  with  acid, 
but  larger  percentages  of  acid-proteids  may  cause  complete  destruc- 
tion of  the  ferment.  The  accelerating  action  of  proteid  matter  is  in 
great  part  due  to  its  power  of  combining  with  both  acid  and  alkaline 
carbonate,  but  in  addition  we  cannot  but  recognize  a  direct  stimula- 
tion of  the  ferment,  as  in  the  action  of  neutral  peptone  on  a  neutral 
solution  of  diastase. 

Lastly,  it  is  evident  from  these  results,  that  diastase  taken  into  the 
stomach  must  sooner  or  later  be  completely  destroyed,  by  either  the 
free  acid  or  the  large  percentage  of  acid-proteids ;  but  in  the  first 
stage  of  digestion,  in  the  absence  of  free  acid  and  under  the  protect- 
ing influence  of  proteid  matter  the  conversion  of  starch  into  sugar 
may  still  go  on,  though  soon  destined  to  feel  the  effects  of  the 
gradually  increasing  percentage  of  combined  acid. 


♦  See  Chittenden  and  Smith,  Trans.  Conn.  Acad.,  vol.  vi,  p.  370. 


Influence   of   certain     Therapeutic    and   Toxic    Agents    on 

THE  AMYLOLYIIC  ACTION   OP   SaLIVA.       By    K.  H.  ChITTENDEN  AND 

II.  M.  Painter,  B.A.,  Ph.B. 

Few  attempts  have  beeu  made  to  ascertain,  experimentally,  the 
influence  of  therapeutic  and  toxic  substances  on  aniylolytic  action. 
Yet  in  view  of  the  important  part  which  the  ferment  of  saliva  plays 
in  the  digestive  processes  of  the  body  and  in  view  likewise  of  the 
great  susceptibility  of  the  ferment,  it  would  seem  especially  desirable 
to  obtain  accurate  data  regarding  the  eflects  of  many  substances  on 
its  amylolytic  power. 

While  many  laborious  investigations  have,  from  time  to  time,  beeu 
undertaken  to  ascertain  the  influence  of  some  one  or  more  substances 
on  the  metabolism  of  the  body,  the  influence  of  the  same  sub- 
stances on  the  digestive  processes  has  apparently  been  very  little 
considered,  with  the  exception,  however,  of  the  more  common 
alkali  and  alkali-earth  salts.  Likewise  too,  the  possible  action 
of  many  toxic  substances  on  thfe  digestive  processes,  as  in  chronic 
cases  of  poisoning,  has  with  a  few  exceptions  been  almost  entire- 
ly ignored ;  yet  in  both  of  these  instances  it  is  possible  that  much 
light  might  be  obtained  by  a  knowledge  of  the  influence  of  individual 
substances  upon  proteolytic  and  amylolytic  action.* 

With  these  thoughts  in  mind,  the  present  investigation  was  under- 
taken, and  the  results  which  we  present  here  plainly  show  the  import- 
ance of  the  work. 

In  selecting  substances  for  study,  we  have  chosen  not  only  those 
noted  for  thera{)eutic  or  toxic  power,  but  also  those  possessed  of 
antiseptic  or  germicidal  properties ;  our  object  being  to  see  how  far 
the  unformed  ferment  of  the  saliva  corresponds,  in  its  behavior 
towards  these  bodies,  with  the  formed  or  organized  ferments.f     More- 

*  An  interesting  table  of  compariaons  by  Wernitz  shows  the  relative  action  of 
several  therapeutic  agents,  on  the  various  enzymes  of  physiological  int(Test. — Brun- 
ton's  Pharmacology,  p.  86. 

f  A  diflferonco  in  action  hy  the  same  substance  upon  fornied  and  unformed  ferments 
is,  as  stated  by  Brunton,  a  fact  of  great  importance,  for  ujx)n  it  may  <lepend  a  useAil 
application  of  the  substance  in  medicine ;  thus  creosote,  which  has  but  a  slight  action 
upon  pepsine  and  ptyaline,  will  kill  bacteria  in  a  dilution  of  1  to  J  OOO.  and  thus  this 
agent  can  be  used  to  arrest  fermentation  in  the  stomach  depending  on  the  presence  of 
low  organisms,  while  the  proteolytic  action  of  the  digestive  ferment  is  but  little 
interfered  with. — Brunton,  p.  87. 
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* 
over,  only  neutral   bodies   could  be  experimented  with,  since   the 

smallest  quantity  of  either  free  acid  or  alkali  would  exert  its  own 

peculiar  destructive  action  on  the  ferment*     In  view  of  this  fact  also, 

we  have  invariably  used  chemically  pure  salts  and  those  frequently 

recrystallized  to  be  sure  of  the  absence  of  deleterious  impurities. 


Method  employed. 

A  few  preliminary  experiments  clearly  indicated  that  the  presence 
of  very  small  percentages  of  foreign  substances  exercise  a  decided 
effect  on  the  amylolytic  action  of  saliva,  and  thus  the  investigation 
resolved  itself  into  a  study,  not  of  the  percentages  requisite  to  cofn- 
pletely  hinder  the  power  of  the  ferment,  under  given  conditions,  but 
of  the  relative  action  of  small  percentages  on  the  amylolytic  power 
of  the  ferment.  This  seemed  to  us  the  more  important,  since  we  soon 
found  that  substances  which,  present  in  comparatively  large  amount 
tended  to  hinder  amylolytic  action,  would  when  present  in  small 
quantities  actually  increase  the  activity  of  the  ferment.  Hence,  we 
deemed  it  best  to  use  accurate  quantitative  methods  for  determina- 
tion of  amylolytic  action;  such  as  would  indicate  small  variations 
with  certainty. 

The  experiments  were  made  in  series,  in  which  one  digestion  of 
each  series  served  as  a  control  for  comparison.  The  volume  of  each 
digestive  mixture  was  100  c.  c,  in  which  was  present  1  gram  of  per- 
fectly neutral  potato  starch,  previously  boiled  with  a  portion  of  the 
water,  10  c.  c.  of  a  diluted  neutral  salivaf  and  a  given  quantity  of  the 
substance  to  be  experimented  with.  The  mixtures  were  warmed  at 
40*  C.  for  30  minutes,  after  which  further  action  of  the  ferment  was 
stopped  by  heating  the  solution  to  boiling.  The  extent  of  amylo- 
lytic action  was  then  ascertained  by  determining  in  one-fourth  of  the 
solution,  the  amount  of  reducing  substances  by  Allihif  s|  gravimetric 
method.  From  the  amount  of  reduced  copper  thus  obtained,  the 
total  amount  of  reducing  bodies  was  calculated  (as  dextrose),  from 
which  in  turn  was  calculated  the  percentage  of  starch  converted. 


♦  Chittenden  and  Smith,  Transactions  Conn.  Acad.  Arta  and  Sciences,  vol.  vi,  p 
343. 

f  The  saliva  was  human,  mixed  saliva,  freshly  collected.  It  was  prepared  for  use 
bjr  being  filtered,  made  exactly  neutral,  then  diluted  in  the  proportioa  of  1:5.  Thus 
in  each  digestion  there  were  present  2  c.  c.  of  undiluted  saliva. 

\  Zeitschrift  fur  Analytische  Chemie,  .Tahrgang  xxii,  p.  448, 
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Mercuric  chloride. 

Sternberg*  places  mercurio  chloride  first  in  the  list  of  germicides ; 
its  presence  to  the  extent  of  0*003  per  cent,  being  sufficient  to  pre- 
vent the  development  of  the  micrococcus  of  pus,  while  0*005  per  cent, 
destroys  the  vitality  of  the  same  bacterial  organism. 

To  our  surprise  the  salt  acts  even  more  energetically  on  the  unor- 
ganized ferment  of  the  saliva,  as  the  following  results  show : 


H«C1, 

wt.  Oa  is  H. 

Total  amount 
reducing  bodies. 

Starch 
converted. 

0 

0-2385  gram. 

0-4920  gram. 

44*28  per  cent. 

0-0005 

per 

cent. 

0-1277 

0-2500 

22-50 

00010 

00925 

0-1880 

16-92 

00020 

00395 

0-0824 

7-41 

00030 

00060 

0-0040 

0 

It  is  evident  that  the  ferment  of  saliva  is  very  susceptible  to  the 
action  of  this  poison,  and  we  have  repeated  the  experiment,  using 
still  smaller  percentages,  with  the  following  results : 


HirClf .                     wt.  Cu  in  ^. 

Total  amount 
reducing  bodies. 

SUrch 
conyerted. 

0                          01635  gram. 

0*3340  gram. 

30*06  per  cent 

00001  percent.       0*1610 

0-3288 

29-59 

0*0002                      0-1570 

0*3204 

28-83 

0-0003                       0*1545 

0-3152 

28-36 

The  smallest  possible  addition,  therefore,  of  mercuric  chloride  dimin- 
ishes the  amylolytic  power  of  saliva,  in  proportion  to  the  amount  of 
mercury  salt  added. 

Mercuric  bromide^  mercuric  iodide  and  mercuric  cyanide. 

These  salts  of  mercury,  vigorous  in  their  action  as  poisons,  and 
the  two  former  as  germicides  likewise,  would  be  expected  from 
analogy  to  act  similarly  to  the  chloride.  Such  we  find  to  be  the  case 
with  the  bromide  and  iodide,  but  with  the  cyanide  there  is  to  be 
noticed,  to  a  slight  extent,  an  action  which  we  find  common  to  many 
substances,  viz:    increasing  the  amylolytic  power  of   the  ferment 


*  Amer.  Jour.  Med.  Sciences,  April,  1883,  p.  321. 

For  tbe  action  of  the  various  salts  studied  in  this  work,  on  the  organized  ferments, 
see  also  Marcus  and  Pinet  in  Compt.  Kend.  Soc.  de  Biolog.,  1882,  pp.  718-724,  or  ab- 
stract in  Jahresbericht  fCir  Thierchemie,  1882,  p.  515 ;  also  Ch.  Richot  in  Couipt.  Rend., 
vol.  xcvii,  pp.  1004-1006,  or  in  Jahresbericht  fiir  Thiorcheraie,  ISS.i,  i>.  418,  and 
Robert  Koch,  Jahresbericht  fur  Thierchemie,  1881,  p.  471,  N.  .Talun  de  la  Croix, 
Jahresbericht  fur  Thierchemie,  1881,  p.  476.    Brunton's  Pharmacology,  p.  96. 
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when  present  in  one  percentage  and  diminishing  it  when  the  percent- 
age is  increased.  On  accoant  of  the  insolubility  of  mercuric  iodide 
and  bromide,  these  salts  were  dissolved  in  water  containing  potassium 
iodide  and  sodium  chloride  respectively,  in  such  proportion  that  the 
various  digestive  mixtures  contained  the  same  percentages  of  these 
salts  as  they  did  of  the  mercury  salts.*  Following  are  the  results 
obtained : 


Mercary  mU. 
0 

HgBr, 

0*0005  per  cent 

Wt.  Cu  In  ^ 
0*1295  gram. 

01150 

Total  amount 
rednclng  bodies. 

0-2636  gram. 
0-2344 

Starch 
converted. 

28-72  per  cent. 
21-09 

o-ooio 

0-0770 

0-1672 

1414 

00020 

0-0340 

00720 

6-48 

Hgl. 
0-0010 

01257 

0-2560 

2304 

0*0020 

0-1180 

0-2404 

21*63 

Hg(CN)t 
0-0005 

01375 

0-2800 

25-20 

0-0010 

01445 

0-2944 

26-49 

0-0020 

01242 

0-2528 

22-75 

0-0030 

0-1252 

0-2552 

22-96 

0 

0-1319 

0-2684 

24-15 

Hg(CN), 
0-0500 

01025 

0-2084 

18-75 

In  this  series  of  results,  it  is  to  be  noticed  that  mercuric  bromide 
is  the  most  energetic  in  its  hindering  action;  0*0005  per  cent,  being 
even  more  effective  than  0*002  per  cent,  of  the  iodide.  With  the 
cyanide,  however,  the  first  two  percentages  stimulate  or  in  some  way 
give  rise  to  an  increased  amylolytic  action  and  even  0*050  per  cent, 
of  the  salt  does  not  retard  the  action  of  the  ferment  as  much  as  0*001 
per  cent,  of  mercuric  bromide. 

Cupric  sulphate,    ' 
With  this  salt  the  following  results  were  obtained: 


CiiS04'H(HsO. 

Wt.  On  In 

H- 

Total  amonnt 
reducing  bodies. 

Starch 
convened. 

0 

0*1712 

gram. 

0*3500  gram. 

31-50  per  cent 

0-0005  per  cent 

0*1445 

0-2944 

26-49 

0-0020 

00530 

0-1096 

9*86 

0-0100 

00250 

0*0540 

4*86 

00250 

0 

*  Apparentljr,  the  double  salts  so  formed  act  as  vigorously  as  the  mercury  salt 
alone  could  do. 
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The  hinderiDg  action  of  the  copper  salt  is  nearly  as  pronounced  as 
that  of  mercuric  chloride  and  even  more  so  than  the  bromide  and 
iodide  of  mercury. 

Lead  acetate. 

With  this  salt,  the  smaller  percentages  experimented  with  show  a 
slight  stimulating  action ;  but  the  larger  percentages  fail  to  retard 
the  amylolytic  action  of  the  ferment  as  the  preceding  salts. 


Pb((:*H302),+8H,0. 

Wt.  Cu  Jn  H. 

Total  amoant 
rednclng  bodies. 

starch 
converted. 

0 

0-1630  gram. 

0  3332  gram. 

29-98  per  cent. 

0*0003  per  cent. 

01642 

0-3356 

30-20 

00005 

0-1636 

0-3340 

30-06 

00010 

0-1635 

0-3340 

30-06 

00020 

01595 

0-3256 

29-30 

0  0050 

0-1395 

0-2840 

25-56 

00100 

0-1402 

0-2856 

25-70 

A  second  series  of  experiments,  with  still  larger 

percentages  of  tl 

lead  salt,  gave  the 

following  results: 

Pb(CfHaOt),+SH,0. 

wt.  Co  in  H- 

Total  amonnt 
reducing  bodies. 

SUrch 
converted. 

0 

0-1742  gram. 

0-3564  gram. 

32-07  per  cent. 

0*05  per  cent 

0-1735 

0-3548 

31-93 

0-10 

0-1720 

0-3516 

31-64 

0-30 

0-1657 

0-3384 

30-45 

0-50 

01555 

0-3172 

28  54 

1-00 

0-1375 

0-2800 

25-20 

300 

0-0785 

0-1600 

14-40 

500 

0  0490 

0-1016 

914 

Thus,  the  presence  of  even  five  per  cent,  of  lead  acetate  fails  to 
completely  prevent  amylolytic  action. 

Ar8eni<yns  oxide. 

Owing  to  the  comparative  insolubility  of  this  substance  in  neutral 
fluids,  small  percentages  only  could  be  experimented  with.  With 
these,  tJie  following  results  were  obtained : 


Ab,0.,. 

Wt.  Ca  in  M. 

Total  amoant 
reducing  bodlea. 

Starch 
converted. 

0 

0-1475  gram. 

0-3004  gram. 

27-03  per 

0  0003  per  cent. 

01507 

0-3072 

27-64 

0-0005 

0-1537 

0-3136 

28-22 

o-ooio 

0-1475 

0-3004 

27-03 

00020 

0-1570 

0-3204 

2883 

00050 

0-1390 

0-2832 

25-48 

00900 

01605 

0-3276 

29-48 

Although  the  results  obtained   do  not  wholly  accord  with  each 
other  they  still  plainly  show  that  arsenious  acid,  to  the  extent  pres- 


/ 
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ent  in  these  experiments^  stimulates  the  amylolytic  action  of  the 
ferment ;  a  fact  which  might  be  expected,  assuming  that  the  acid 
combines  with  the  proteids  of  the  saliva,  for  as  has  been  elsewhere* 
shown,  acid-proteids  when  present  in  not  too  large  an  amount 
increase  the  amylolytic  action  of  the  salivary  ferment. 

Sch&fer  and  B5hmf  state  that  arsenions  acid  has  no  influence 
whatever  on  the  conversion  of  starch  into  sugar  by  a  glycerine  ex- 
tract of  the  pancreas.  Possibly  they  sought  only  for  retarding 
action,  or  it  may  be  that  the  pancreatic  ferment  differs  in  this  respect 
from  the  ferment  of  saliva. 

Arsenic  acid. 

This  substance  being  still  more  acid  than  the  preceding,  might 
naturally  be  expected  to  diminish  amylolytic  action,  when  present  in 
quantities  which  in  the  preceding  would  increase  the  activity  of  the 
ferment ;  and  indeed  there  is  to  be  seen  in  the  results,  a  slight  in- 
crease, followed  by  a  rapid  decrease  of  amylolytic  action. 


H3AS04. 

Wt.  On  In  3^. 

Total  amount 
redjicing  bodies. 

SUrch 
converted. 

0 

0*1765  gram. 

0*3588  gram. 

32*29  per  cent. 

0'0006  per  cent 

0-1766 

0-3608 

32*47 

00010 

0-1635 

0-3340 

30*06 

0-0030 

00310 

00660 

5-94 

0-0050 

0 

With  0*005  per  cent,  of  arsenic  acid  present  in  the  fluid,  no  reduc- 
ing bodies  were  formed  in  the  thirty  minutes  of  the  experiment,  but 
the  solution  did  become  clear,  showing  the  formation  of  soluble 
products.  The  same  fact  was  observed  in  the  presence  of  larger 
percentages  of  the  acid ;  the  starch  solution  becoming  clear,  after 
the  addition  of  saliva,  even  in  the  presence  of  one  per  cent,  of  the 
acid,  although,  as  before,  no  reducing  bodies  were  formed. 

Ammonium  arsenate. 


With  this  salt  the  following  results  were  obtained 

Total  amount 
<NH4)3Aa04.               wt.  Co  In  \i*              rednclng  bodies.                i 

0                          0*1527  gram.             0*3112  gram. 

• 
• 

SUrch 
conyerud. 

28*08  per  cent. 

0*0005  per  cent 

01620 

0*3308 

29-77 

0-0010 

0*1630 

0-3340 

3006 

00050 

0*1675 

0-3420 

30-78 

0-0160 

0-1745 

0-3568 

32-11 

0*0260 

01700 

0*3476 

31-28 

*  Chittenden  and  Smith,  Trans.  Conn.  Acad.,  vol.  vi,  p.  343. 
f  Abstract  in  Jahresbericht  f^  Thierchemie,  1872,  p.  365. 

Trahs.  Oohh.  Aoah.,  Vol.  VII.  9  Oct.,  1886. 
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In  a  second  series,  larger  percentages  were  used  with  the  following 

results : 


(NH4)3At04. 

Wt.  On  In  H- 

Total  ftmonnt 
redaclng  bodies. 

Starch 
coDTerted. 

0 

01712  gram. 

0*3500  gram. 

31*50  percent 

0*05  per 

cent        0-1476 

0*3004 

27*03 

010 

0-1147 

0*2332 

20-98 

0-60 

0*0166 

00368 

3*81 

100 

The  solution  beoam 

le  dear  but  no  reducii 

iflT  bodies  were  fonn 

With  this  salt,  a  very  decided  stimulation  of  the  ferment  is  to  be 
observed  in  the  presence  of  small  percentages,  while  increased 
amounts  of  the  salt  ultimately  stop  diastatic  action. 

Potassium  antimony  tartrate. 

Two  series  of  experiments  were  tried  with  this  salt,  with  the  fol- 
lowing results : 


0)C4H406. 

Wt.  Cq  in  M. 

Total  amoont 
redaclng  bodies. 

Starch 
conyerted. 

0 

0  1 540  gram. 

0*3144  gram. 

28*29  per  cent 

0-001  percent 

0*1610 

0*3288 

29*59 

0005 

0*1660 

0*3392 

30*52 

0010 

01760 

0*3600 

32-40 

0060 

0*1760 

0*3600 

32*40 

0100 

0*1745 

0*3568 

3111 

0*200 

0*1760 

0*3580 

32-22 

0 

0*1646 

0*3162 

28*36 

0*10 

0*1850 

0*3788 

3409 

0-30 

01640 

0-3352 

30*16 

0*60 

0*2566 

0*6304 

47*73 

100 

01670 

0*3204 

28*83 

200 

01232 

0-2604 

22*53 

500 

0*0470 

0-0976 

8*78 

Here  we  have  an  illustration,  more  forcible  than  with  any  other 
salt,  of  the  power  possessed  by  many  substances  of  both  increasing 
and  diminishing  the  action  of  the  ferment.  One*  of  us  has  for  some 
time  held  that  the  addition  of  very  small  quantities  of  hydrochloric 
acid  to  neutral  saliva  tends  to  increase  the  amylolytic  power  of  the 
ferment ;  that  this  takes  place  even  when  the  proteids  present  are 
completely  saturated  with  the  acid,  or  in  other  words  when  there  is 
present  a  very  small  amount  of  free  acid,  provided  the  acid-proteids 
are  not  present  in  too  large  an  amount.  It  is  well  known  that  free 
hydrochloric  acid,  when  present  to  the  extent  of  a  few  thousandths 
of  one  per  cent,  completely  stops  the  action  of  the  ferment.     Langley 


*  Chittenden  and  Smith,  Trans.  Conn.  Acad.,  vol.  vi,  p.  360. 
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and  Eves*  make  this  divergence  of  action  of  one  and  the  same  sub- 
stance a  groand  for  qaestioning  the  accuracy  of  such  a  view,  for,  say 
they,  "since  0'0015  per  cent.  HCl  decreases  amylolytic  action  it 
seems  very  unlikely  that  0*0005  per  cent,  should  increase  it.''  The 
action  of  many  neutral  salts  here  experimented  with,  where  both 
stimulation  and  retardation  are  obtained,  plainly  show  that  such  a 
double  action,  dependent  simply  on  quantity  is  not  an  impossible  one. 

Stannous  chloride. 
With  this  salt  very  marked  results  were  obtained  as  follows: 

Total  amount  Starch 

SnClf  Wt.  Cu  in  )^.  reducing  bodies.  converted. 

0  0*1475  gram.  0*3004  gram.  27*03  per  cent. 

0*0003  percent  0-1582  0*3232  29*08 

0*0010  The  solution  became  dear,  but  no  reduction. 

0*0050  The  starch  was  not  at  all  altered  in  appearance. 

Here  there  is  stimulation,  followed  by  rapid  and  complete  stopping 
of  amylolytic  action. 

Zinc  atdpliate. 


ZnS04+7HcO. 

wt.  Cu  In  H- 

Total  amount 
reducing  bodies. 

Starcb 
conyerted. 

0 

0*1495  gram. 

0-3048  gram. 

27*43  per  cert. 

00003  per 

cent. 

0-1490 

1 

0*3040 

27*36 

0*0005 

0*1510 

0*3088 

27-79 

OOOIO 

0-1475 

0*3004 

27*03 

0-0020 

0*1440 

0*2936 

26-42 

0*0050 

0-1360 

0*2772 

24-94 

0*0100 

0*1260 

0-2576 

23-18 

0 

0-1375 

0-2800 

25-20 

0*05  per  cent. 

0*0775 

0-1480 

13-32 

0-10 

0*0650 

0-1332 

11-98 

0*30 

0*0450 

0-0936 

8-42 

0*44 

0 

These  two  series  of  experiments  plainly  show  a  gradually  dimin- 
ished amylolytic  action,  as  the  percentage  of  the  zinc  salt  is  in- 
creased, until  with  0*4  per  cent,  a  complete  stoppage  is  effected. 

Ejeldahlf  found  a  like  retarding  action  on  the  addition  of  zinc 
sulphate  to  a  malt  extract. 

In  this  connection  it  is  interesting  to  note  that  StembergI  finds 
zinc  sulphate  devoid  of  germicide  value,  even  when  used  in  the 
proportion  of  20  per  cent. 


*  Journal  of  Physiology,  yol.  iv,  No.  I. 

f  Jahresbericht  fflr  Thierchemie,  1879,  p.  382. 

f  Amer.  Jour.  Med.  Sciences,  April,  1883,  p.  330. 
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Jferric  chloride. 
With  this  salt  we  obtained  the  following  results: 

Total  amount  Starch 

^^iClb.  ^^-  ^°  '°  M-  rednclDK  bodlen.  conyerted. 

0  0-1740  gram.  0*3660  gram.  32*04  per  ceut. 

00005  percent.  01597  0*3260  29*34 

0*0020  00437  00908  H17 

0-0100  0-0095  0*0236  2*12 
0*0260                                   0 

Sternberg  states  that  tincture  of  ferric  chloride  is  effective  as  a 
germicide  (upon  micrococcus)  when  present  to  the  extent  of  4  per 
cent.  On  the  unformed  ferment  of  the  saliva,  it  is,  as  the  results 
show,  much  more  active,  its  hindering  action  being  directly  propor- 
tional to  the  percentage  of  iron  salt  present. 

ferrous  aulpfuxte. 

With  this  salt  of  iron  quite  different  results  were  obtained ;  and 
as  we  wished  simply  to  compare  its  action  with  that  of  the  ferric 
salt,  only  very  small  percentages  were  experimented  with. 


Fe804+7niC). 

Wt.  Ca  in  M. 

Total  amount 
reducing  bodlev. 

Starch 
converted. 

0 

0*1245  gram. 

0-2632  gram. 

22-78  per  cent. 

00005  percent. 

0*1037 

0-2108 

18*97 

00020 

01323 

0*2692 

24-22 

0*0100 

01 366 

0*2780 

26*02 

Here  there  is  decided  stimulation  with  the  two  larger  percentages, 
while  the  smallest  per  cent,  shows  an  apparent  decrease  of  amylolytic 
action. 

Kjeldahl*  found  that  this  salt  exercised  a  strong  hindering  action 
on  the  amylolytic  ferment  of  malt. 

Potassium  permanganate, 

Sternberg  places  this  salt  next  to  mercuric  chloride  in  germicide 
value,  it  being  efHcacions  in  0*12  per  cent.  With  the  unformed  fer- 
ment of  the  saliva  it  is  likewise  active,  although  no  more  so  than 
many  other  salts  experimented  with.     Following  are  the  results: 


Kf  MUf  Og. 

wt.  Cu  In  M. 

Total  amount 
redaclng  bodicfl. 

Stan-.h 
conv*'rled. 

0 

0*1475  gram. 

0-3004  gram. 

27-03  per  cent. 

0-005  per  ceut. 

0-1012 

0-2060 

18-54 

0*025 

0 

♦  Jabresbericht  fUr  Thiorchemie,  1879,  p.  382. 
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Magnesium  sulpfuite. 
With  this  salt  we  obtained  the  following  results: 


MKS04+7HtO. 

Wt.  Cn  in  )i. 

Total  amoant 
reducing  bodtee. 

Starch 
converted. 

0 

0*1475  gram. 

0*3004  gram. 

27  03  per  cent. 

0026  per  cent. 

0-1597 

0-3200 

29*34 

0-500 

0-0510 

01056 

9-50 

Here,  there  is  a  slight  increase  of  diastatic  action  with  the  smallest 
percentage,  while  0*5  per  cent,  of  the  salt  greatly  retards  the  action 
of  the  ferment. 

Pfeiffer*  has  likewise  noticed  the  retarding  effect  of  this  salt  on 
salivary  digestion. 

Potassium  cyanide. 

This  salt,  so  powerful  as  a  poison,  was  found  to  have  a  decided 
effect  also  on  the  salivary  ferment,  causing  a  rapid  decrease  in 
amylolytic  action. 


KCN. 

wt.  Cn  in  \i. 

Total  amoant 
rcdaclnK  bodleit. 

Starch 
converted. 

0 

0*1245  gram. 

0*2532  gram. 

22-78  per  cent. 

00006  per  cent. 

01080 

0-2200 

19-80 

0*0010 

0*0896 

0-1828 

16*45 

0-0030 

0-0330 

0-0700 

6-30 

With  1*0  per  cent,  and  even  with  5*0  per  cent,  of  potassium 
cyanide,  the  starch  solutions  became  clear  on  the  addition  of  saliva, 
showing  that  the  ferment  was  able  to  eifect  some  change,  although 
in  neither  case  were  any  reducing  bodies  formed. 

It  is  our  intention  at  some  future  time,  to  study  the  exact  nature 
of  the  products  formed  under  such  conditions.  The  ferment  appears 
to  be  peculiarly  affected ;  for  while  a  very  small  percentage  of  a 
substance  like  potassium  cyanide  or  borax  will  completely  prevent 
the  formation  of  reducing  bodies,  increasing  the  amount  of  substance 
added  a  hundred-fold,  has  no  effect  on  the  clearing  up  of  the  starch 
solution  by  the  ferment.  Some  light  may  be  thrown  upon  the  nature 
of  the  ferment  or  its  mode  of  action. 

Potassium  ferrocyanide, 

A  preliminary  experiment  showed  that  this  salt  was  less  active 
than  the  cyanide  and  therefore  larger  percentages  were  used,  with  the 
following  results: 


K4Fe(CN)6+«U,0. 

Wt.  Cn  in  M, 

Total  amount 
rednciiiK  bodlcH. 

Starcti 
convened. 

0 

0*1417  gram. 

0*2884  gram. 

25  96  per  cent. 

0025  per  cent 

0-1497 

0*3052 

27*46 

0100 

0*1375 

0-2800 

25*20 

0-260 

0*1025 

0-2084 

18-80 

*  Centralbl.  Med.  Wiss.,  1885,  p.  328,  abstract 
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Here,  unlike  the  cyanide,  there  is  stimulation  of  the  ferment. 
Retardation  of  amylolytic  action  requires  much  larger  percentages ; 
thus  ro  per  cent,  of  ferrocyanide  completely  prevented  the  formation 
of  reducing  bodies,  although  soluble  starch  was  apparently  formed,  as 
also  in  the  presence  of  5*0  per  cent,  of  the  salt. 

Potassium  ferricyanide. 

The  action  of  this  salt  is  almost  identical  with  that  of  the  ferro- 
cyanide. 


aFe,(CN),,. 

Wt.  Cu  In  M, 

Total  amount 
reducing  bodies. 

Starch 
converted. 

0 

01417  gram. 

0*2884  gram. 

25*96  per  cent 

0*025  percent. 

0-1516 

0*3088 

27*79 

0100 

01295 

0*2636 

23*72 

0-250 

00975 

0*1984 

17-86 

Like  the  ferrocyanide,  this  salt  in  1*0  and  5*0  per  cent,  solutions 
allows  the  partial  conversion  of  starch  into  soluble  products,  but 
no  reducing  bodies  are  formed. 

Potassium  nitrate  and  potassium  cMorate. 

Potaasinm  Total  amount  Starch 

salt.  Wt.  Cu  in  \i.  rednclnff  bodies.  oonverted. 

0  0*1513  gram.         0*3080  gram.         27*72  percent. 

KNO3. 

0*20  percent   0*1560        0*3164        28*47 

0*50         0-1528         0*3108         27*97 

1*00  0-1462  0-2976  26*78 
KCIO). 

0*20  0*1581  0*3228  29*05 

0*50  0*1680  0-3228  29*05 

100  0*1600  0*3268  29*41 

With  5'0  per  cent  of  the  salts,  the  following  results  were  obtained: 

Potassium  Total  amount  Starch 

salt.  wt.  Cu  in  X.  reducing  bodies.  converted. 

0  0*1672  gram.         0*3416  gram.         30*74  per  cent. 

KNO,  (5*0  pr.  ct)         0*1559  0*3176  28-58 

KCIO3  (50  pr.  ct.)         01351  0*2752  24*76 

With  these  two  salts  it  is  very  obvious  that  small  fractions  of  one 
per  cent,  decidedly  increase  amylolytic  action  and  that  potassium 
chlorate  is  the  more  energetic  of  the  two  in  this  respect.  With  one 
per  cent,  of  the  salts,  potassium  chlorate  still  shows  increased  action, 
while  the  nitrate  causes  a  decrease  of  amylolytic  activity;  in  the 
presence  of  5  per  cent,  of  the  salts,  on  the  other  hand,  potassium 
chlorate  causes  the  greatest  decrease  in  ferment  action. 

Of  these  two  oxidizing  agents,  potassium  chlorate  does  not  appear 
to  have  been  hitherto  experimented  with,  but  with  potassium  nitrate 
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O.  Nasse*  found  increased  amylolytic  action  with  human  saliva  in 
the  presence  of  4*0  per  cent,  of  the  salt.  Possibly  this  difference  in 
our  results  is  dependent  in  part  upon  difference  in  the  relative  amount 
of  salt  and  ferment. 

Sodium  tetraborate  [Na,B,O,  +  10H,O]. 

With  this  salt  experiments  were  tried  with  quantities  varying  from 
0*050  to  3*0  per  cent,  and  in  each  instance  the  starch  was  dissolved, 
but  no  reducing  bodies  whatever  were  formed.  Dumasf  has  pre- 
viously noted  a  like  retarding  effect  on  the  diastatic  action  of  emul- 
sin,  diastase  and  other  like  ferments.  Sternberg  states  that  this  salt 
is  without  germicide  value,  even  though  used  in  a  saturated  solution  ; 
its  antiseptic  power,  i.  e.  its  capacity  for  preventing  the  multiplica- 
tion of  bacterial  organisms,  is,  however,  considerable. 

Potassium  bromide  and  potassium  iodide. 
These  two  common  therapeutic  agents  gave  the  following  results : 


Salt  used. 

Wt.  On  in  )i. 

Total  amoant 
redaclng  bodies. 

Starch 
converted. 

0 

01483  gram. 

0-3020  gram. 

271 8  percent. 

KBr. 

0*5  per  cent. 

0*1566 

0-3192 

28-72 

30 

01450 

0-2956 

26-60 

50 

0-1314 

0-2668 

23*51 

KL 

0-5 

01560 

0-3164 

28-47 

3-0 

0-1557 

0-3172 

28-54 

5-0 

0-1467 

0*2984 

26-85 

Both  of  these  salts  show  a  stimulating  action  which  is  more  per- 
sistent in  the  case  of  the  iodide  than  with  the  bromide;  5*0  per  cent, 
of  the  bromide  causes*a  marked  diminution  of  amylolytic  action. 

Sodium  chloride. 

Previous  experiments  have  been  tried  with  this  salt  by  several 
investigators,  notably  by  O.  NasseJ  and  E.  Pfeiffer.§  The  former 
found  that  the  presence  of  4*0  per  cent,  of  the  salt  [the  only  percent- 
age experimented  with]  caused  an  increase  in  the  ferment  action  of 

saliva  [128:100];  the  latter  experimenter  likewise  found  that  the 

■ 

*  Pflfiger's  Archiv.  fiir  Phyaiologie,  vol.  xi,  p.  150. 
t  Berichte  der  deuisch.  Chem.  GeselL,  vol  v,  p.  826. 
t  Pfluger'g  Archiv  fflr  Physiologie,  vol.  xi,  p.  155. 
§  Centralbl.  med.  Wi8&,  1885,  p.  329. 
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presence  of  the  salt,  in  concentrations  up  to  2  per  cent.,  greatly  ii 
creased  the  amylolytic  action  of  saliva. 

Oar  results  with  different  percentages  are  as  follows : 


NaCl. 

Wt.  Ca  In  )4. 

Total  amount 
reducing  bodies. 

Starch 
converted. 

0 

0*1660  gram. 

0*3392  gram. 

30*52  per  cent 

0*3  per  cent. 

01765 

0*3608 

32*47 

05 

0-1750 

0*3580 

32*22 

10 

01715 

0*3504 

31*53 

20 

01736 

0*3504 

31*53 

3  0 

0-1770 

0*3620 

32-58 

50 

01630 

0-3332 

29*98 

These  accord  with  the  results  mentioned  above  and  show,  mon 
over,  that  with  5*0  per  cent,  of  the  salt,  hindering  action  just  con 
mences.  Increasing  the  amount  of  salt  beyond  this  point,  howevei 
only  slowly  diminishes  the  action  of  the  ferment ;  thus,  in  the  prei 
ence  of  10*0  per  cent,  of  the  salt,  22*78  per  cent,  of  starch  was  coi 
verted  into  sugar,  while  without  it  25*20  per  cent,  of  starch  wa 
converted. 

Morphine  sulphate. 

With  this  alkaloid  O.  Nasse*  has  experimented,  using,  howevei 
the  acetate.  He  found  that  the  presence  of  0*1  per  cent,  of  the  sal 
caused  a  slight  increase  in  the  diastatic  action  of  saliva  (109 :  100^ 
Our  results  with  the  sulphate  of  morphine  are  as  follows :     . 


Alkaloid  aalt.             Wt.  On  in  \i. 

Total  amount 
reducing  bodies. 

Starch 
converted. 

0                        0*1245  gram. 

0-2532  gram. 

22*78  percent 

0*05  per  cent.      0*1415 

0*2880 

25*92 

0*50                      01605 

0-3276 

29-48 

200                       01428 

0*2908 

26*17 

The  stimulating  action  of  the  alkaloid  salt  up  to  2*0  per  cent,  i 
very  apparent. 

Quinine  sulphate. 

With  the  acetate,  of  this  alkaloid,  Nasse  found,  by  the  use  of  0' 
per  cent.,  an  increase  in  the  starch-converting  power  of  the  saliv 
(115  :  100).     With  the  sulphate  we  obtained  the  following  results : 


Alkaloid  HHlt. 

wt.  Cu  In  5<. 

Total  amount 
rcdnclnK  bodies. 

Starch 
converted. 

0 

0*1358  gram. 

0-2768  gram. 

24*91  percent. 

0  05  percent. 

01475 

0-3004 

27*03 

0-50 

0*1365 

0*2760 

24-84 

2-00 

00981 

0*1996 

17*96 

♦  Pfliiger's  Archiv,  vol.  xi,  p.  161. 
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In  accord  with  Nassers  result  we  see  that  0*05  per  cent,  increases 
the  amylolytic  action  of  the  ferment.  This  we  verified  by  an  addi- 
tional experiment  which  led  to  a  like  result,  although  not  showing  so 
great  a  difference  as  the  preceding  one ;  thus,  while  the  saliva  alone 
converted  23*72  per  cent,  starch  into  reducing  bodies,  the  presence  of 
0*05  per  cent  of  quinine  sulphate  led  to  the  conversion  of  24*68  per 
cent,  of  starch.  Voit,  as  quoted  by  v.  Boeck,*  has  stated  that  qui- 
nine is  without  influence  on  the  ferment  of  saliva. 


Cinchonine  sulphate. 

With  this  alkaloid,  previous  experiments  have  not  to  our  knowl- 
edge been  tried.     Our  results  are  as  follows : 


Alkaloid  lAlt.             Wt.  Ca  in  M- 

ToUl  amount 
rcduGlDg  bodies. 

SUrch 
converted. 

0                        0'1358  cp^m. 

0*2768  gram. 

24*91  por  cent. 

0*05  per  cent      0*1452 

0-2960 

26-64 

0-50                      01455 

0-2964 

26-67 

200                       01440 

0*2936 

26-42 

Cinchonidine  sulphcUe. 

This  alkaloid,  like  the  cinchonine,  shows  a  steady  accelerating 
action  on  the  ferment. 


Alkaloid  salt. 

Wt.  On  in  M- 

Total  amount 
reducing  bodies. 

Starch 
conyerted. 

0 

0*1368  gram. 

0*2768  gram. 

24*91  per  cent. 

0-05  percent. 

0-1505 

0-3068 

27-61 

0*50 

0*1460 

0-2976 

26-78 

]-75 

01498 

0*3056 

27-50 

The  cinchona  gproup  of  alkaloids  thus  show  throughout  an  acceler- 
ating influence  on  amylolytic  action,  most  pronounced  in  the  case  of 
cinchonidine.  These  alkaloids  have  long  been  known  to  prevent 
putrefaction  and  to  check  alcoholic  fermentation  and  Binzf  has 
demonstrated  that  this  antiseptic  action,  in  the  case  of  quinine  at  least, 
is  due  to  the  poisonous  influence  exerted  by  the  latter  upon  the  fungi 
which  are  the  immediate  cause  of  the  putrefactive  changes.  Couzen, 
moreover,  has  shown  that  the  action  of  cinchonine  on  infusoria  and 
on  fermentation  is  similar  to  that  of  quinine,  but  weaker.  Hence 
there  is  no  sioularity  of  action  whatever,  on  the  two  kinds  of  fer- 
ments. 

♦Zeitschrift  fur  Biologic,  vol.  vii,  p.  428. 
f  Virchow's  Archiv,  vol.  xlvi,  1869,  p.  68. 

Tkakh.  Govs.  Aoad.,  Vol.  VII.  10  Oct.,  1885. 
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testing  the  amylolytic  power  of  the  ferment  its  action  was  found  to 
be  much  weaker  than  the  control.  From  this  fact,  Stohiikow  consi- 
ders that  the  septic  poison  acts  upon  the  ferment  outside  the  body 
in  a  manner  similar  to  atropine. 

Now  it  is  obvious,  in  view  of  the  extreme  susceptibility  of  the 
ferments  of  the  saliva  and  pancreas  to  the  action  of  acids  and  alka- 
lies, that  the  atropine  solution  must  be  perfectly  neutral.  Several 
specimens  of  atropine  sulphate  that  we  have  examined,  have  had  a 
slight  acid  reaction. 

In  view  of  the  apparent  identity  of  the  amylolytic  ferments  of  the 
salivary  and  pancreatic  secretions  we  have  repeated  in  principle 
Stolnikow's  experiment  with  human  saliva,  using  perfectly  neutral 
atropine  sulphate. 

To  10  c  c.  of  the  dilute,  neutral,  saliva  hitherto  used,  0*3  gram  of 
pure  atropine  sulphate  was  added  (=3*0  per  cent,  of  the  alkaloid 
salt,  while  Stolnikow's  mixture  contained  but  1*0  per  cent.)  and 
the  solution  allowed  to  stand  for  18  hours  at  the  Laboratory  tempera- 
ture. On  now  being  added  to  the  starch  solution,  diluted  up  to  100 
c.  c.  [0-3  per  cent,  atropine  sulphate]  and  placed  at  40°  C.  for  30 
minutes,  the  starch  paste  quickly  became  clear  and  it  was  found  on 
examination  that  29*16  per  cent,  of  starch  had  been  converted, 
while  the  control,  in  the  presence  of  0*2  per  cent,  of  atropine  sul- 
phate, showed  a  conversion  of  28*11  per  cent,  of  the  starch.  Hence 
there  had  been  no  destruction  of  the  salivary  ferment  by  even  3*0 
per  cent,  of  pure  atropine  sulphate,  although  as  our  previous  experi- 
ments show  very  much  smaller  percentages  may,  by  their  presence, 
hinder  the  action  of  the  ferment. 

Strychnine  sulphate  and  hrucine  sulphate, 

O.  Nasse  has  previously  studied  the  influence  of  0*1  per  cent, 
strychnine  acetate  on  the  diastatic  action  of  saliva  and  has  noted  a 
slight  increase  in  amylolytic  action  in  the  presence  of  the  strychnine 
[109: 100].     Our  results  with  the  two  alkaloids  are  as  follows: 


AlkAloid. 

Wt.  Cu  In  M. 

Total  amount 
redacinff  bodies. 

SUrch 
converted. 

0 

0*1485  gram. 

0-3028  gram. 

27-25  percent. 

Strjchoine  sulphate. 

0-050  per  cent. 

01444 

0-2936 

26-42 

0-250 

0-1448 

0-2936 

26-42 

0500 

01462 

0-2976 

26-78 

Brncine  sulphate. 

0050  per  cent 

0*1503 

0-3060 

27-54 

0-500 

01524 

0-3100 

27-90 

vooo 

01505 

0-3060 

27-54 
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Witli  the  bruuine  salt  a  slightly  inoreAsed  action  U  noticed  in  all 
three  of  the  experimentej  while  with  Btrychnine  a  conBtant  diminn- 
tion  in  amylolytic  action  is  to  be  Been. 

In  tliiH  connection  it  is  to  be  remembered,  that  a  trace  of  free  acid 
in  the  alkaloid  salts  would  introduce  an  appreciable  error  into  the 
results,  and  therefore  all  of  the  alkaloid  salts  experimented  with, 
were  especially  purified  for  this  purpose,  any  adhering  acid  being 
removed  by  repeated  crystal  I  iKation,  etc. 

The  following  table  shows  the  relative  acceleration  and  retardation 
of  the  various  salts  (the  percentages  more  generally  used)  compared 
with  their  controls  expressed  as  100. 


Tabie  xkowing  relative  amylolytic  action. 
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Influence  of  gases  on  the  amylolytic  actio7i  of  saliva. 

The  well  known  analysis  by  Pfltiger*  of  the  gases  of  the  submax- 
illary saliva  have  shown  the  presence  of  both  oxygen  and  carbonic 
acid  in  this  secretion ;  oxygen  to  the  extent  of  0-6  vol.-per  cent,  and 
carbonic  acid,  by  pump  extraction,  22 '5  vol.-per  cent.  It  is,  moreover, 
a  well  known  fact  that  as  the  saliva  flows  into  the  mouth  and 
becomes  mixed  with  the  food  during  mastication  much  air  is  ab- 
sorbed. Do  these  three  gases  exert  any  influence  on  the  amylolytic 
action  of  the  ferment  with  which  they  are  so  constantly  in  contact  ? 

Again,  the  amylolytic  ferment  of  the  pancreatic  secretion,  so  near 
akin,  it  not  identical  with  the  salivary  ferment,  is  subjected  to  the 
influence  of  the  reducing  gases  of  the  intestinal  canal,  among  which 
hydrogen  may  be  present  to  the  extent  of  22*0  f  vol.-per  cent,  and 
hydrogen  sulphide  in  traces.  What  likewise  is  the  effect  of  these 
two  gases  on  amylolytic  action  ? 

The  experiments  were  conducted  as  follows:  90  c.  c.  of  diluted 
starch  paste  were  placed  in  small,  partially  stoppered  flasks  and  a 
stream  of  the  gas  allowed  to  pass  through,  until  the  fluid  was  thought 
to  be  saturated,  then  10  c.  c.  of  dilute  saliva  were  added  and  the  gas 
allowed  to  bubble  through  the  solution  for  30  minutes  when  the 
mixtures  were  boiled  and  the  reducing  bodies  determined.  P^ollow- 
ing  are  the  results : 

Gases.  Wt.  Cu  in  %. 

0  0*1319  gram. 

Air 01366 

Oxygen 01611 

Carbonic  acid 01537 

Hydrogen  sulphide 0*1 37 7 

Hydrogen 01248 

It  is^interesting  to  see  that  air,  oxygen  and  carbonic  acid  all  stimu- 
late and  approximately  in  proportion  to  the  extent  in  which  they  are 
present  in  the  natural  secretion,  while  of  the  reducing  gases  hydro- 
gen retards  and  hydrogen  sulphide  stimulates. 

The  following  table  shows  the  relative  acceleration  and  retardation 
of  the  several  gases,  compared  with  the  control,  expressed  as  100. 

Air  ..'.. 103(> 

Oxygen 114-7 

Carbonic  acid 1168 

Hydrogen  sulphide 104.4 

Hydrogen 94-6 


Total  amount 
>edncing  bodlefl. 

Starch, 
converted. 

0  2684  gram. 

24-1 5  per  cent. 

0-2780 

2502 

0-3080 

27-72 

0-3136 

28-22 

0-2804 

25.23 

0-2640 

22-86 

*  Phymologische  Chemie,  Hoppe-Seyler,  p.  192. 

I  Maly  in  Hermann's  H»ndbuch  der  Physiologie,  vol.  v,  p.  26, 
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In  accord  with  oar  results,  Detiner'^  has  foand  that  the  presence 
of  carbonic  acid  invariably  increases  the  aroylolytic  action  of  the 
diastase  of  malt.  The  same  fact  was  previously  observed  by  Bas- 
witz.f  O.  Nasse,J  however,  has  stated  that  the  activity  of  ptyaline 
in  human  mixed  saliva  is  not  materially  affected  by  oxygen,  hydro- 
gen or  air.  With  carbonic  acid,  however,  he  noticed  acceleration  in 
amylolytic  action. 

Mature  of  the  action  of  the  inetaUic  and  other  salts. 

In  what  manner  do  the  metallic  and  other  salts  act  when  they,  by 
their  presence,  retard  or  completely  stop  the  amylolytic  action  of 
saliva?  Is  it  a  process  of  gradual  or  sudden  destruction  of  the  fer- 
ment, or  does  the  metallic  salt  combine  with  the  ferment,  forming  a 
compound  incapable  of  ferment  action?  or  again,  is  the  ferment 
mechanically  thrown  down  with  the  precipitate  of  albumin  or  globu- 
lin produced  by  the  addition  of  the  metallic  salt  to  saliva,  or  lastly 
does  the  salt  by  its  mere  presence  introduce  a  condition  unfavorable 
to  the  action  of  the  ferment  ?  All  of  these  questions  are  interesting 
ones,  and  possibly  all  of  them  might  be  answered  in  the  affirmative 
and  be  correct  for  some  one  or  more  of  the  substances  experimented 
with. 

It  is  obvious  that  the  presence  of  10  or  20  per  cent,  of  such  a  salt 
as  sodium  chlondc  or  potassium  nitrate  in  a  digestive  mixture  might 
retard  the  action  of  the  ferment,  since  solutions  so  saturated,  even 
with  the  products  of  digestion,  do  not  admit  of  vigorous  ferment 
action.  But  the  larger  number  of  metallic  salts  decidedly  retard 
amylolytic  action  when  present  to  the  extent  of  only  a  few  thou- 
sandths of  one  per  cent.,  consequently  their  action  must  be  of  an 
entirely  different  nature.  A  number  of  these  salts,  such  as  mercuric 
chloride,  are  well  known  precipitants  of  albumin,  but  the  saliva  being 
so  greatly  diluted,  in  great  part  for  this  very  reason,  cannot  yield 
sufficient  precipitate  with  the  mercury  salt  to  mechanically  precipi- 
tate the  ferment.  As  a  matter  of  fact,  when  the  mercuric  chloride 
solution  is  added  to  the  diluted  saliva,  a  very  faint  turbidity  only, 
is  produced.  If  now,  some  of  the  small  percentages  of  mercuric 
chloride  are  added  to  the  starch  solution  and  then  larger  quantities 
of  saliva^  thus  giving  a  larger  amount  of  ferment  together  with  a 
larger  amount  of  accompanying  albumin  and  globulin,  what  would 


♦  2^itschrift  fur  phyaiol.  Chemie,  vol.  vii,  p.  3. 

f  Berichte  d.  doutsch.  cliem.  GesoU.,  vol.  xi,  p.  1443, 

I  Pauger's  Archiv,  vol.  xv,  p.  471-481. 
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be  the  effect  on  the  amylolytic  action  of  the  ferment  ?  Might  we  not 
expect,  knowing  that  albumin  and  mercuric  chloride  readily  combine, 
that  the  proteid  matter  present  in  the  saliva,  would  serve  as  a  shield 
to  protect  the  ferment  from  the  action  of  the  mercury  or  other  similar 
metallic  salt  ?  At  the  same  time  it  might  be  supposed  that,  the  fer- 
ment being  left  intact,  any  mercury-albumin  compound  formed  might 
retard  or  destroy  the  ferment,  though  less  energetically  than  the 
metallic  salt  alone. 

In  an  attempt  to  throw  some  light  upon  these  points  the  following 
experiments  were  tried : 

Action  of  mercuric  chloride  in  the  presence  of  larger  amounts  of 

ferment  and  proteid  matter. 

a.  with  10  C.C.  of  original  saliva. 


HgCl,. 

Wt.  Ca  in  )i. 

Total  amoaiit 
reducing  bodies. 

SUrch 
converted. 

0 

0*1'7'72  gram. 

0*3624  gram. 

32*61  per  cent. 

0*0005  per  cent 

0*1735 

0-3548 

31*93 

0-0010 

01695 

0*3464 

31*16 

h,  with  5  c.  a  of  original  Baliva. 
0  0*1720  gram.  0*3516  gram.  31*64  per  cent. 

0*0005  per  cent         0*1340  0*2728  24*55 

Comparing  these  results  with  those  previously  obtained  with  the 
same  percentages  of  mercuric  chloride,  but  with  2  c.c.  of  original 
saliva,  we  have : 

HgCif.  2C.C.  mUya.  SccMllra.  lOc.c.  mHva. 

0  44-28  per  cent          31*64  per  cent          32-61  per  cent 

00005  per  cent  23*40                          24*55                          31*93 

0-001  16-92                           31*16 

The  intensity  of  action  of  the  mercuric  chloride,  say  0*0005  per 
cent,  in  the  three  cases,  varies  greatly;  thus  with  2  c.c.  of  saliva  the 
difference  in  the  percentage  of  starch  converted,  between  the  control 
and  the  O'OOOS  per  cent,  is  20*88,  while  with  6  c.  c.  of  saliva  the  differ- 
ence is  7*09  and  with  10  c.  c.  of  saliva  only  0*68.  Obviously  then,  the 
action  of  a  given  percentage  of  mercuric  chloride  can  be  considered 
as  constant  only  for  a  given  mixture  or  under  definite  conditions. 
Moreover,  it  would  appear  (in  the  10  c.c.)  that  either  the  albuminous 
matter  of  the  saliva  has  combined  with  all  of  the  mercury,  leaving 
the  ferment  free  to  act  in  a  normal  manner,  except  so  far  as  it  is 
impeded  by  the  mercury-albumin  compound,  or  else  that  only  a  small 
proportion  of  the  ferment  has  been  chemically  precipitated,  leaving  an 
amount  sufScient  for  energetic  amylolytic  action,  since,  as  is  well 
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known,  increase  or  decrease  in  the  amoant  of  ferment  is  not  alwavs 
followed  by  a  proportionate  change  in  the  amoant  of  reducing  bodies 
formed.  Of  these  two  views  the  former  is  by  far  the  most  probable. 
Certainly  the  ferment  is  not  mechanically  precipitated  by  the  formation 
of  a  mercury-albumin  prcipitate;  if  such  were  the  case  with  10  c.c.  of 
saliva  and  0*001  per  cent,  of  mercuric  chloride,  decided  retardation 
ought  to  have  been  observed. 

Action  of  cupric  sulphate  in  the  presence  of  larger  amounts  of 

ferment  andproteid  matter, 

a.  witn  10  e.c.  saliva. 

TotAl  Amoant  Starch 

CaS04-f5n30.  Wt.  CuiaSi(.  redacing  bodies.  converted. 

0  0-1830  gram.  0*3748  gram.  33*73  per  cent. 

0-0005  per  cent.  0-1776  0*3628  32*65 


Diflforenoe, 

1*08 

0 
0*0005  per  cent. 

b,  with  5  c.  c.  saliva. 
0-1745  gram.            0*3568  gram. 
0-1640                        0-3352 

Diflereneef 

32-11  percent. 
30*16 

]*95 

0 
0*0005  per  cent. 

c.  with  2  0.  c.  saliva. 
0*1645  gram.            0*3360  gram. 
0-1140                       0*2320 

30*24  per  cent 
20*88 

Diiference,  9*36 

r 

Action  of  zinc  sulphate  in  the  presence  of  larger  amounts  of  ferment 

and  proteid  matter. 

a.  with  10  c.  c.  saliva. 

Total  amoant  Starch 

ZuS04+THt0.                     Wt.  CainM-                reducing  bodies.  converted. 

0                              0*1830  gram.              0-3748  gram.  :i3-73  jxjr  cent. 

0  05  per  cent.              01737                         0*3552  31*90 


Difference, 

1-77 

h.  with  5  c.  0.  Raliva. 

0 

01746  gram.             0*3568  gram. 

32* U  i)or  cent. 

0  05  per  cent. 

0*1010                         0*3288 

Difference, 

29-59 

2*52 

c.  with  2  c.  c.  saliva. 

0 

0-1645  gram.             0-3360  gram. 

30-24  per  cent. 

0'05  per  cent 

0*1320                          0*2688 

24.19 

Difference,  6*05 
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Glancing  at  the  differences  in  these  two  series  of  experiments,  we 
see  that  they  accord  with  what  was  observed  in  the  case  of  mercuric 
chloride,  viz :  that  a  given  percentage  of  the  metallic  salt  will  pro- 
duce a  constant  result  only  under  definite  conditions ;  increasing  the 
proportion  of  albuminous  matter  diminishes,  as  in  the  case  of  the 
mercury  salt,  although  not  so  greatly,  the  retarding  action  of  the  salt. 

Evidently,  the  metallic  salts  do  not  act  upon  the  ferment  by  their 
mere  presence,  for  if  such  were  the  case  the  mere  combination  of  the 
salt  with  the  albumin  present,  would  not  so  materially  affect  the 
result.  If,  on  the  other  hand,  they  do  act  by  combining  with  the 
ferment,  forming  it  may  be  an  insoluble  compound  or  one  incapable 
of  ferment  action,  it  is  fair  to  presume  that  the  combination  would 
take  place  immediately  upon  mixing  the  two  or  very  soon  thereafter, 
and  thus  we  should  expect  that  the  length  of  time  the  two  stood  in 
contact  after  the  first  few  minutes,  would  have  no  effect  on  the  amyl- 
olytic  power  of  the  mixture,  while  a  gradual  destructive  action  would 
be  manifested  by  a  gradual  decrease  of  amylolytic  power.  With  a 
view  to  testing  this  point  we  have  tried  the  following  experiment. 
Three  mixtures  were  prepared  as  follows : 

A.,  B.  Cm 

Saliva _  .     2  c.  c.  2  c.  c.  2  c.  c. 

H,0 8  7  8 

HgQ,  8oL 0  12 

10  10  10 

Per  cent  HgCl, 0  0-005  0*010 

These  were  placed  in  a  bath  and  warmed  at  40°  C.  for  18  hours, 
after  which  1  c.  c.  of  the  same  mercuric  chloride  solution  was  added 
to  A  and  then  starch  and  water  added  to  all  three,  making  the 
volume  in  each  case  up  to  1 00  c.  c.  The  mixtures  were  then  warmed 
at  40°  C.  for  thirty  minutes  to  test  the  activity  of  the  ferment ;  A 
containing  now  0*0005  per  cent,  mercuric  chloride,  2?  the  same  per- 
centage and  C  0*001  per  cent..  In  A^  19*8  per  cent,  of  the  starch 
was  converted  into  reducing  bodies,  while  in  J3  and  C  there  was  no 
amylolytic  action  whatever.  Thus  by  the  previous  action,  for  this 
length  of  time,  of  0*005  per  cent,  mercuric  chloride,  the  ferment  was 
rendered  incapable,  on  subsequent  dilution,  of  (exerting  any  diastatic 
action  whatever. 

Again,  in  a  similar  manner  it  was  found  that  by  warming  the 
saliva  for  thirty  minutes  at  40°  C.  with  0*005  j^er  cent,  mercuric 
chloride  and  then  adding  starch  paste  and  diluting  to  100  c.  c.  so 

Trans.  Conn.  Acad.,  Vol.  VII.  II  Ocjt.,  1885. 
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that  the  percentage  of  mercuric  chloride  was  0*0006,  only  2*0  per 
cent,  of  the  starch  was  converted,  while  the  same  quantity  of  saliva, 
HI  the  presence  of  the  same  amount  of  mercury  salt  (0*0005  per  cent.) 
converted  19*69  per  cent,  of  starch. 

Working  with  larger  amounts  of  saliva,  the  following  results  were 
obtained : 

A.  B.  c. 

Saliva 10  c.  c.  10  c  c.  10  c.  c. 

HaO    16  15  15 

HgClaSOl 0  1  1 

26  26  26 

Per  cent.  HgCl, 0  0-002  0002 

B  was  warmed  at  40°  C.  for  15  minutes  and  C  for  30  minutes;  then 
I  c.  c.  of  the  mercuric  chloride  solution  was  added  to  A^  and  all  three 
diluted  and  mixed  with  starch  paste.  The  three  solutions  were  now 
exactly  alike;  all  contained  the  same  percentage  of  mercury  salt 
(0*0005  per  cent.)  but  B  and  C  had  been  previously  warmed  with 
the  salt  for  15  and  30  minutes  respectively.  A^  converted  31*32  per 
cent,  of  the  starch,  B  29*48  per  cent,  and  C  27*97  per  cent.  Here 
we  have  what  appears  to  be  a  gradual  decrease  in  amylolytic  power, 
but  it  does  not  seem  sufficiently  pronounced  to  account  for  the  action 
of  the  mercury  salt.  It  would  appear  rather,  in  this  instance,  as  if  the 
mercuric  chloride  exercised  a  selective  action,  combining  with  the 
proteid  matter  of  the  saliva,  leaving  the  ferment  free ;  but  the  mer- 
cury-proteid  compound,  being  apparently  possessed  of  some  destruc- 
tive action,  exerts  its  influence,  and  thus  the  gradual  decrease  of 
amylolytic  power  noticed  in  B  and  (7. 

In  the  previous  experiments,  on  the  other  hand,  where  free  mer- 
curic chloride  is  present,  there  not  being  sufficient  albumin  to  com- 
bine with  all  of  the  mercury,  there  is  apparently  destructive  action. 

Experiments  of  like  nature  as  the  preceding,  tried  with  cnprio 
sulphate,  gave  the  following  results: 

A.  B.  c.  D. 

Saliva 2  c.  c.  2  c.  c.  2  c.  c.  2  c.  c. 

H.,0 18  17-8  17-8  17-8 

C11SO4  sol 0  0-2  0-2  0-2 

20  200  200  200 

Per  ceut.  CuSO^  ...       0  00005  00005  0*0005 

B  was  warmed  at  40°  C.  for  15  minutes,  C  for  30  minutes  and  -Z>. 
for  1  hour;  0*2  c.  c.  of  the  cupric  sulphate  solution  was  then  added 
to  A  and  lastly  starch  paste  and  water  to  100  c.  c.     The  amylolytic 
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power  of  the  four  mixtures,  expressed  in  the  percentage  of  starch 
converted,  was  as  follows: 

A.  B.  c.  D. 

28-72  22-35  23-04  2023 

With  zinc  sulphate,  somewhat  similar  results  were  obtained: 

A.  B.  c. 

Saliva 2  c.  c.  2  c.  c.  2  c.  c. 

H,0 18  16  16 

ZnSO*  sol 0  2  2 

20  20  20 

Per  cent.  ZnSO* 0  005  0-05 

B  was  warmed  at  40*  C  for  30  minutes  and  C  for  1  hour;  then  2 
c.  c.  of  the  zinc  sulphate  solution  were  added  to  A,  and  all  three 
mixed  with  starch  paste  and  water  to  1 00  c.  c.  Each  now  contained 
O'Ol  per  cent,  zinc  sulphate  and  all  three  were  then  warmed  at 
40®  C.  for  30  minutes,  to  determine  the  activity  of  the  ferment.  A^ 
converted  22*24  per  cent,  of  the  starch,  B  ir88  per  cent,  and  C 
10*98  per  cent. 

These  experiments  would  therefore  indicate,  on  the  part  of  the 
metallic  salts  experimented  with,  a  destructive  action  towards  the 
ferment,  though  loss  of  amylolytic  power  under  the  conditions  of  the 
experiments  might  also  be  due  to  more  complete  pi'ecipitation  of  the 
ferment  in  the  more  concentrated  solution  and  under  longer  exposure 
to  a  temperature  of  40®  C.  At'the  same  time  it  is  to  be  noticed,  that 
any  metal Hc-proteid  compound  formed  with  the  above  salts,  has  a  far 
less  destructive  or  retarding  action  than  the  free  salt.  Of  these,  the 
destructive  action  of  mercuric  chloride  is  most  pronounced. 

Potassium  permanganate  acts,  doubtless,  by  direct  destruction  of 
the  ferment  through  oxidation,  while  many  of  the  alkali  and  alkali- 
earth  salts  produce  their  retarding  effects  by  simple  clogging  of  the 
digestive  fluid;  but  the  fact  that  0*5  per  cent,  of  one  salt,  as  potassium 
antimony  tartrate,  for  example,  increases  the  amount  of  starch  con- 
verted 68  per  cent.,  and  0*6  per  cent,  of  another  salt,  as  magnesium 
sulphate,  diminishes  the  amount  of  starch  converted  by  65  per  cent., 
plainly  indicates  that  there  is  something  in  the  presence  of  these  salts, 
dependent  upon  chemical  constitution,  that  controls  the  action  of  the 
ferment. 


Influence    of    Various    Inorganic    and    Alkaloid    Salts    on 
THE  Proteolytic  Action  of  Pepsin-hydrochloric  Acid.      By 

R.    H.    CHnTENDEN    AND   S.    E.    AlLEN. 

Although  many  experiments  have  been  tried  to  asoertain  the 
influence  of  various  salts  on  ferment  action  since  1870,  when  Liebig* 
recorded  the  statement  that  the  fermentative  power  of  yeast  is 
somewhat  increased  by  a  little  potassium  or  sodium  chloride,  few 
systematic  experiments,  with  a  large  variety  of  salts,  have  been  made 
with  the  ferment  of  the  gastric  juice. 

Alex.  Schmidt  t  in  1876  studied  the  influence  of  sodium  chloride 
on  the  digestive  action  of  pepsin  and  hydrochloric  acid.  WolbergJ 
in  1880  studied,  with  the  same  ferment,  the  action  of  ammonium, 
potassium  and  sodium  salts  of  nitric,  hydrochloric  and  sulphuric 
acids  and  also  the  action  of  several  alkaloids.  Wernitz§  and  also 
Petit||  have  studied  the  action  of  several  metallic  salts.  Still  later, 
PfeiflbrT  has  examined  the  influence  of  several  alkali  and  alkali-earth 
salts  on  the  digestive  action  of  pepsin  as  well  as  of  other  ferments. 
Isolated  experiments  with  single  salts  have  likewise  been  recorded ; 
these  will  be  noticed  later  on. 

It  is  thus  seen  that  almost  all  work  in  this  direction  has  been  done 
with  salts  of  the  alkali  and  alkali-earth  metals.  No  systematic 
attempt  has  been  made  to  ascertain  the  influence  on  gastric  diges- 
tion of  the  large  number  of  metallic  salts,  in  common  use  as  poisons 
or  therapeutic  agents.  With  the  exception  of  a  few  isolated  cases, 
no  accurate  data  are  recorded  bearing  on  this  question.  Observation 
has  led  to  the  belief  that  certain  metallic  salts  interfere  with  diges- 
tion in  the  stomach,  but  few  quantitative  results  are  recorded  to 
show  the  truth  of  such  a  belief. 


*  TJeber  GahruDg,  Quelle  der  Muskelkraft.und  Emahrunj^.  Separatabdruck  au8  dea 
Annalen  der  Chemie  u.  Pharmacie,  1870,  p.  61. 

f  Pfliiger's  Archiv.  vol.  xiii,  p.  97.  Ueber  die  Beziehung  dea  Koohsalies  u 
einigen  thierischen  Fermentationsproceasen. 

J  Pfliiger's  Archiv,  vol.  xxii,  p.  291.  Ueber  den  Einflusa  einiger  Salze  imd  AQn* 
loiden  auf  die  VerdauuDg. 

§  Quoted  by  Brunton.     Pharmacology,  p.  85-8G. 

I  Etudes  aur  les  ferments  digestifs.  Abstract  in  Jabresbericht  fiir  Thierchemit^ 
1880,  p.  309. 

^  Uebor  den  Einfluss  einige  Salze  auf  verscthiedeue  kiinstliche  YerdauuDgsvorg&oge. 
Abstract  in  Centralbl.  nied.  Wiss.,  1885,  p.  328. 
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Our  aim  has  been,  therefore,  to  study  more  particularly  the  com- 
parative influence  on  gastric  digestion  of  various  percentages  of 
those  salts,  well  known  as  poisons  or  therapeutic  agents,  which  have 
hitherto  been  overlooked  or  but  imperfectly  studied.  At  the  same 
time  in  order  to  make  the  work  more  complete,  we  have  studied 
somewhat,  the  action  of  the  alkali  salts,  experimented  with  by  other 
observers. 

Method  employed. 

The  experiments  were  conducted  in  series,  in  which  one  of  each 
series  served  as  a  control  for  comparison.  The  artificial  gastric  juice 
employed,  was  made  from  0*2  per  cent,  hydrochloric  acid  and  a 
glycerine  extract  of  pepsin,  in  the  proportion  of  10  c.  c.  of  the  latter 
to  1  litre  of  the  former.  The  volume  of  each  discestive  mixture  was 
50  c.  c. ;  made  up  of  25  c.  c.  of  the  above-mentioned  gastric  juice  and 
25  c  c.  of  0*2  per  cent,  hydrochloric  acid,  containing  the  salt  to  be 
experimented  with.  The  material  to  be  digested,  consisted  of  puri- 
fied and  dried  blood-fibrin,  prepared  by  thorough  washing  with 
water,  extraction  with  cold  and  boiling  alcohol  and  lastly  with  ether. 
It  was  then  ground  to  a  coarse  powder  and  dried  at  100-110°  C.  1 
gram  of  the  fibrin  was  used  in  each  experiment.  The  digestive  mix- 
tures were  warmed  at  40**  C.  for  two  hours,  then  filtered  upon 
weighed  filters  by  the  aid  of  pumps,  the  residue  washed  thoroughly 
with  water,  lastly  with*  alcohol,  and  finally  dried  at  100-110°  C.  until 
of  constant  weight  (48  hours).  The  amount  of  fibrin  digested  or  dis- 
solved, is  a  measure  of  the  proteolytic  action. 

Cupric  sulphate. 

With  this  salt  two  series  of  expei'iments  were  made ;  one  to  ascer- 
tain the  influence  of  small  quantities,  the  other  to  show  the  effects  of 
larger  amounts  of  the  substance. 


CaS04+5H] 

tO. 

Undiffestcd 
residue. 

Fibrin 
digested. 

IJelntivc  proteo 
lytic  acilon. 

0 

0*2854  gram. 

71*46  per  cent. 

100-0 

0001 

per  ceDt. 

0*2508 

74-92 

104*S 

0005 

0*2650 

73*50 

102-8 

0010 

0-3067 

69-33 

97-0 

0-025 

0*3845 

61*65 

86*1 

0-050 

0-3877 

61-23 

85*0 

0 

0-2352 

76*48 

1000 

01 

0-5316 

46-85 

61-2 

0-3 

0-7585 

24-15 

31*5 

0-5 

0-7976 

20*24 

26-4 

0-8 

0-8214 

17-86 

23-3 

1-5 

0-8480 

15-20 

19*8 

IS 
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The  action  of  the  salt  is  very  marked ;  with  even  0*010  per  cent, 
there  is  a  diminution  in  proteolytic  action  amounting  to  3*0  per  cent., 
while  in  the  presence  of  0*5  per  cent,  of  the  salt,  there  is  retardation 
to  the  amount  of  nearly  75  per  cent.  The  copper  salt  prevents 
almost  entirely  the  swelling  of  the  fibrin  and  doubtless  its  retarding 
action  is  due  in  part  to  this  fact. 

Lead  acetate. 

In  view  of  the  frequent  cases  of  chronic  poisoning  with  lead  salts, 
the  influence  of  the  acetate  on  gastric  digestion,  seems  especially 
interesting.  The  results,  moreover,  show  decided  action  on  the  part 
of  the  salt;  with  small  fractions  of  a  per  cent,  pronounced  increase 
in  proteolytic  action  is  to  be  noticed,  while  beyond  0*5  per  cent, 
there  is  sudden  and  almost  complete  cessation  of  ferment  acftbn. 
In  this  respect,  the  salt  acts  very  differently  from  the  copper  salt, 
with  which  a  more  gradual  diminution  is  observed.  The  two  largest 
percentages  of  the  lead  salt  prevented  entirely  the  swelling  of  the 
fibrin. 


(C«II:iO?)f 

+-:?n, 

jO. 

rcsldui*. 

Fibrin 
(lljfeKted. 

KcUtiye  proteo- 
lytic action. 

0 

0-1930  jrrnni. 

80-64  i)er  cent. 

1000 

0  001 

per 

cent. 

0-1592 

84-08 

104-2 

0-005 

01S92 

81-08 

100-5 

0010 

0-1781 

82-19 

101-9 

0025 

01091 

83-09 

103-0 

0 

02140 

78-00 

100-0 

01 

0-2310 

7G-90 

97-8 

0-3 

0-4523 

54-77 

09-6 

0-5 

0-7410 

25.81 

32-8 

0-8 

0-9779 

2-21 

2-8 

1-5 

0-9938 

0-02 

0-7 

Mercuric  chloride. 

This  salt,  which  showed  such  a  marked  action  on  the  amylolytic 
ferment  of  the  saliva,  causes  a  like  diminution  of  proteolytic  action 
in  the  case  of  pepsin  ;  even  with  O'OOl  per  cent,  there  is  retardation 
to  the  extent  of  over  6  per  cent.,  calling  the  action  of  the  control  100. 

Petit*  very  erroneously  states  that  mercuric  chloride  up  to  0*4  per 
cent,  does  not  hinder  the  action  of  pepsin. 


*  Etudes  aur  les  ferments  digestifs.     Abstract  in  Jabresbcriclit  fiir  Tliierchemie, 
1880,  p.  309. 
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UndlKe«ted  Fibrin  K<>lative 

HfcCIf.  residue.  dlKettted.  proteolytic  action. 

0  0-3759  gram.  G2'41  per  cent.         1000 

0001  per  cent  04140  5860  0:5-8 

0005  0-4210  57-90  927 

0  0-1307  86-93  1000 

01  0-4765  52-35  602 

0-5  0-9007  9-93  11--1 

1-0  10495                               0  0 

M.  Marie*  has  previously  experimented  with  mercuric  chloride 
and  has  likewise  found  that  small  quantities  of  the  salt  exercise  a 
retarding  action  upon  gastric  digestion ;  that  as  the  percentage  of 
corrosive  sublimate  is  increased,  the  retarding  action  is  correspond- 
ingly increased,  although  this  effect  is  diminished  up  to  a  certain  point, 
by  increasing  the  strength  of  the  digestive  mixture.  Marie  considers 
that  this  action  of  mercuric  chloride  does  not  depend  upon  decompo- 
sition of  the  ferment  nor  upon  a  contraction  of  the  albuminous 
matter,  but  rather  that  the  salt  in  an  acid  solution  enters  into  a 
chemical  combination  with  the  proteid  matter  and  the  latter  is  thus 
rendered  impervious  to  the  digestive  action  of  the  ferment. 

In  support  of  this  view  we  offer  the  fact  that  fibrin  introduced  into 
an  acid  solution  of  pepsin  in  the  presence  of  1  per  cent,  of  mercuric 
chloride,  increases  in  weight;  in  the  experiment  given  above  to  the 
extent  of  49*6  milligrams.  This  would  clearly  indicate  a  combina- 
tion of  the  two.  Moreover,  that  mercuric  chloride  does  not  act 
by  destroying  the  ferment  we  have  ample  proof,  as  the  following 
experiment  shows : 

A.  B.  c. 

IlaO  sol.  glycerine  pepsin 5  c.  c.  5  c.  c.  5  c.  c. 

HCl  (0-2  per  cent) 20  20  0 

lIg<JIa 0  0025  gram.  0025  gram. 

IlaO 0  0  20  ae. 

25  25  c.  c.  25 

Percent  HgCla 0  01  01 

These  three  mixtures  were  warmed  at  40°  C.  for  24  hours ;  then  to 
A  was  added  0*026  gram  HgCl,  dissolved  in  25  c.  c.  0*2  per  cent. 
HCl,  to  B  25  c.  c.  0-2  per  cent.  HCl  and  to  C  25  c.  c.  0-4  per  cent. 
HCl.  The  three  solutions  were  now  exactly  alike;  in  B^  however, 
the  ferment  had  been  exposed  to  the  action  of  0-1  per  cent.  HgCI,  in 
an  acid  solution  for  24  hours,  in  C  to  the  action  of  the  same  percent- 
age of  the  mercury  salt  in  an  aqueous  solution,  while  A  served  as 

♦  Abstract  in  Jahresbcricht  fiir  Thierchemie,  1875,  p.  168. 
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a  control.  1  gram  of  fibrin  was  added  to  each  of  the  mixtures,  which 
were  then  placed  at  40°  C.  for  2  hours.  B  and  C  digested  the  same 
amount  of  fibrin  as  A^  consequently  the  mercuric  chloride  could  have 
exerted  no  destructive  action  whatever  on  the  ferment. 

WassiliefF,*  in  Hoppe-Seyler's  laboratory,  found  by  compftratiTe 
experiments  that  mercurous  chloride  (calomel)  has  no  effect  on  the 
proteolytic  action  of  pepsin. 

Mcreurk  bromide^  Mercuric  iodide  and  Mercuric  cyanide. 

These  three  salts  of  mercury  were  experimented  with,  only  so  far 
as  to  compare  the  action  of  small  quantities,  with  the  action  of  like 
quantities  of  mercuric  chloride.  In  using  the  bromide  and  iodide  it 
was  necessary,  on  account  of  their  insolubility,  to  dissolve  them  with 
the  aid  of  an  equal  weight  of  sodium  chloride,  consequently  these 
two  salts  of  mercury  were  doubtless  present  in  the  digestive  mix- 
tures, in  part  at  least,  as  double  salts.  Marie,  however,  found  that 
the  action  of  mercuric  chloride  with  small  quantities  of  sodium 
chloride  was  not  different  from  that  of  mercuric  chloride  alone,  and 
doubtless  the  same  is  true  of  the  iodide  and  bromide  of  mercury. 
Following  are  the  results  we  obtained: 


Mfrrury 
salt. 

rL<liK('(itod 
rvHidm*. 

FOmn 
(UucsU'd. 

Kelatlve  proteo- 
lytic action. 

0 

0-3590  gram. 

64-10  percent. 

100-0 

IlgBr, 

0*005  \\iiT  cent. 

0-3"731 

G2-G9 

97-8 

0025 

0-3080 

iiO-20 

93-9 

Hfe'I-.- 

0'005 

0  3114 

68-vSG 

107-4 

0-025 

0-3004 

60-00 

951 

I1k^(('N)., 

0-005 

0-3105 

68-y5 

107-6 

0-025 

0-3085 

60-15 

93-8 

0-100 

0-31  S3 

68-17 

106-3 

From  these  it  is  evident  that  mercuric  bromide  is  less  vigorous  in 
its  hindering  action  than  mercuric  chloride ;  the  iodide  still  less  so, 
while  mercuric  cyanide,  in  similar  percentages,  appears  to  cause  an 
increase  in  proteolytic  action.  The  iodide,  likewise,  in  the  smallest 
percentage  experimented  with,  causes  increased  proteolytic  action. 
None  of  these  salts  then,  approach  mercuric  chloride  in  the  intensity 
of  its  hindering  action  on  gastric  digestion. 

*  Ueber  die  Wirkuug  des  Calomel  auf  Gahningsprozesse  iind  das  Leben  von  Mikro- 
orgauisineu.    Zeiischrift  f.  Phyaiologische  Chemie,  vol.  vi,  113. 
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Stannous  chloride. 

This  salt  shows  marked  action  in  retarding  gastric  digestion ;  its 
retarding  effect  increasing  directly  with  the  amount  of  stannous 
chloride  added. 


SaCIf. 

Undigested 
rendne. 

0 

0*25*76  gram. 

0  026  per  cent 

0-2728 

01 

0-4826 

0-5 
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100-0 
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Araenious  oxide. 

This  substance  might  naturally  be  expected,  in  view  of  its  well 
known  antiseptic  properties,  to  hinder  proteolytic  action,  more 
or  less.  It  is  known  to  hinder  putrefaction  and  to  prevent  also  the 
fermentative  action  of  yeast.  Contrary  to  our  expectations,  however, 
the  action  of  arsenious  oxide,  so  far  as  it  is  to  be  seen,  is  an  acceler- 
ating one,  causing  increased  proteolytic  action.  The  following 
results  were  obtained : 


ABfOj. 

Undigested 
residue. 

Fibrin 
digested. 

Relallve  proteo 
lytic  action. 

0 

0  2111  gram. 

78*89  per 

cent. 

100-0 

0*05  per  ceDt 

0*1872 

81-28 

103-0 

01 

02160 

78*40 

99*3 

02 

0*1900 

8100 

102-6 

0-5 

01707 

82*93 

105*1 

The  stimulating  action  is  slight,  still  it  is  plainly  recognizable. 
Drs.  Schafer  and  B5hm*  have  previously  studied  the  action  of  arseni- 
ous acid  on  the  digestion  of  albumin  by  artificial  gastric  juice,  and 
they  came  to  the  conclusion,  using  0  02  and  0*04  gram  As,0,  respec- 
tively, in  34  c.  c.  of  fluid  containing  egg-albumin,  that  arsenious  oxide 
is  without  influence  on  the  decomposition  of  albumin  by  the  gastric 
juice  ferment.  Our  results,  though  not  so  large  in  number  as  theirs, 
would  indicate  a  slight  accelerating  action. 

Arsenic  is  known,  when  administered  in  small,  repeated  doses,  to 
act  as  a  tonic;  the  history  of  arsenic-eating,  indicates  that  the  sub- 
stance has  some  positive  tonic  influence  over  nutrition,  and   Dr. 


*  Jahresbericht  fur  Theirchemie,  1872,  p.  363.    Ueber  den  Kinflnss  des  Arsens  aiif 
die  Wirknng  der  ungeformten  Fennente. 

Traks,  Conn.  Acad.,  Vol.  VII.  12  Oct.,  1885. 


82 


ChiUetiden  atid  AUefi — Influence  of  variotM  Salts 


Wood*  states,  "  there  is  much  reason  for  believing  that  it  acts  largely 
as  a  direct  stimulant  to  nutrition."  The  results  obtained  in  oar  ex- 
periments certainly  accord  with  this  statement. 


Arsenic  acid. 

The  experiments  tried  with  arsenic  acid,  tend  to  confirm  the 
accelerating  action  noticed  with  arsenious  oxide.  In  the  first  series 
of  experiments  the  following  results  were  obtained: 


aAsOi. 

(JndlfreHted 
resfdue. 

Fibrin 
diffested. 

Reliitlve  proteo« 
lytic  acnon. 

0 

0*2696  gram. 

73-04  per 

cent. 

100-0 

0*2  per  oont. 

0*2614 

73*86 

101-1 

0-5 

0*15U 

84*86 

1161 

20 

0*2683 

74*17 

101-5 

50 

0*3916 

60*86 

83-3 

The  accelerating  action  is  here  so  very  pronounced,  that  a  second 
series  of  experiments  was  undertaken  by  way  of  confirmation.  These 
give  in  a  general  way  the  same  results,  although  with  0*5  per  cent,  the 
stimulating  action  is  not  so  pronounced  as  in  the  first  experiment. 

These  two  series  of  experiments  illustrate  another  point,  which  it  is 
well  to  mention  here,  namely :  that  definite  percentages  of  any  par- 
ticular substance  do  not  invariably  give  precisely  the  same  result,  even 
when  compared  with  their  respective  controls.  They  do,  however, 
generally  point  in  the  same  direction,  and  although  not  always  giving 
exactly  the  same  numerical  expression,  they  show  clearly  the  nature 
and  extent  of  the  action. 


HjAeO*. 

Un  divested 
residue. 

Fibrin 
(ligetited. 

Relative  proteo« 
lytic  action. 

0 

0*2490  gram. 

75*10  per  cent. 

100-0 

0*2  per  cent. 

0*2401 

75*99 

101-2 

0*5 

0*2367 

76-33 

101*6 

1*0 

0-2336 

70*65 

102-0 

20 

0*2622 

73*78 

98*2 

5*0 

0*3176 

68*24 

90*8 

0 

0*1493 

85-07 

100*0 

10*0 

0*4207 

57*93 

08-1 

Plainly  then,  arsenic  acid  in  small  percentages  does  accelerate  the 
proteolytic  action  of  pepsin-hydrochloric  acid,  while  in  large  percent- 
ages (5-10)  it  causes  a  diminution  in  the  action  of  the  ferment. 
Arsenic  acid  tends  to  make  the  fibrin  become  very  jrelatinous. 


*  Therapeutics,  Materia  Medica  and  Toxicology,  p.  390. 
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Zinc  sulphate. 

With  this  salt,  no  experiments  appear  to  have  been  hitherto  made. 
Our  results  show  a  decided  diminution  in  proteolytic  action,  even  in 
the  presence  of  0*01  per  cent,  of  the  salt,  while  with  a  few  thou- 
sandths of  one  per  cent,  the  figures  indicate  a  slight  accelerating 
action.     Three  distinct  experiments  were  made  as  follows : 

Undigested  Fibrin  BelAtlve  proteo- 

ZnSOi+THfO.  re^dae.  dlgented.  lytic  action. 

0  0-1744  gram.  82*56  per  cent.  1000 

0-001  per  cent.  0-1609  83-91  101-6 

0-005  0-1617  83-83  101-5 

0-010  0-2053  79-46  962 

0-025  0-2573  7427  899 

3-000  0-8400  16-00  19*3 

0  0-1630  83-20  1000 

0-1  0-4848  61-62  619 

0-3  0-7133  28-67  344 

0-5  0-7382  26-18  314 

0-8  0-7671  23-29  279 

1-5  0-8202  17-98  21-6 

0  0-1493  85-07  100-0 

1-0  0-7683  23-17  272 

A  glance  at  these  results,  shows  plainly  a  gradual  decrease  in  pro- 
teolytic activity. 

It  is  to  be  noticed  that  in  the  presence  of  the  larger  percentages  of 
these  metallic  salts^  the  fibrin  does  not  swell  up  in  the  0-2  per  cent.  acid. 

Manganous  chloride. 

In  small  fractions  of  one  per  cent,  this  salt  gave  such  irregular 
results  that  it  is  doubtful  if  they  can  be  relied  upon  as  expressing 
any  particular  action.  With  0*3  per  cent,  the  retarding  action  of 
the  manganese  salt  commences  to  be  very  pronounced.  Following 
are  the  results : 


MnCI,. 

UndlseBted 
resldae. 

Fibrin 
digested. 

RelAtlve  proteo 
lytic  action 

0 

0-1923  gram. 

80-77  per  cent. 

100-0 

0-001  per  ceDt. 

0-2022 

79-78 

98-7 

0-010 

0'1816 

81-85 

101-3 

0-026 

0-2066 

79-34 

98-2 

0-050 

0-1865 

81-45 

100-8 

0 

0-1880 

81-20 

100-0 

0-3 

0-3687 

6313 

77-7 

0-8 

0-6438 

35-62 

43-8 

1-6 

0-661 2 

33-88 

41-7 

3-0 

0-7400 

26-00 

32-J 
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Ferrous  sulphate  and  Ferric  chloride 

The  salts  of  iron,  doubtless  on  account  of  their  physiological 
importance  and  their  great  therapeutic  value,  have  been  experimented 
with  by  several  observers.  It  has  been  a  prevalent  opinion  that  iron 
salts  tend  to  produce  disturbances  in  gastiic  digestion.  Petit,*  how- 
ever, states  as  a  result  of  experiment,  that  preparations  of  iron,  in 
small  quantities,  do  not  hinder  the  action  of  pepsin,  but  in  large  quan- 
tities they  retard  the  action  of  the  ferment,  doing  so  according  to 
Petit,  by  the  hydrochloric  acid  of  the  gastric  juice  displacing  the  acid 
of  the  iron  salt,  thus  forcing  the  pepsin  to  act  with  a  less  energetic 
acid.  Dtlsterhoff,f  dealing  with  the  same  question,  came  to  the  con- 
clusion that  iron  salts  of  the  organic  acids,  exercise  the  greatest 
retarding  effect  on  pepsin  digestion,  and  moreover,  that  ferrous 
salts  are  better  adapted  to  the  organism  than  fernc  salts.  Daster- 
hoff  also  concludes  that  while  the  retarding  action  of  iron  salts  is 
doubtless  due,  in  part,  to  the  setting-free  of  the  acid  of  the  iron  salt 
by  the  acid  of  the  gastric  juice,  there  is  in  addition  a  specific  action 
of  the  iron  preparation  of  an  unknown  nature,  prejudicial  to  digestion. 
Lastly,  Bubnow  I  found  that  moist  ferric  hydroxide  in  small  quanti- 
ties (not  weighed)  gauses  a  scarcely  recognizable  diminution  in  pro- 
teolytic action,  while  the  presence  of  1  per  cent,  of  ferrous  chloride 
and  ferrous  sulphate  causes  marked  retardation,  as  does  also  an 
excess  of  ferric  hydroxide.  The  most  intense  action  was  observed  on 
the  addition  of  5  per  cent,  of  ferrous  sulphate.  No  quantitative 
results,  that  is,  percentages  of  albumin  digested  were,  however, 
obtained. 

Our  experiments  were  made  only  with  crystallized  ferrous  sulphate 
and  ferric  chloride.  It  appears  superfluous  to  try  the  action  of  ferric 
hydroxide,  which  must  necessarily,  if  in  sufficient  quantity,  neutralize 
the  acid  of  the  gastric  juice  and  thus  prevent  digestion  by  with- 
drawal of  the  free  acid. 


*  Quoted  by  Bubnow  in  Zeitschrift  fur  physiologische  Chemie,  vol.  vii,  p.  316  j  also 
abstract  by  llorter  in  Jahresbericht  fur  Thiorchemie,  18»0,  p.  309. 

f  Ueber  den  Einfiuss  von  Eisenpraparaten  auf  die  Magenverdauung.  Jahresberidit 
fur  Thierchemie,  1882,  p.  267. 

X  Ueber  den  Einfiuss  des  Eisenoxyhydrats  und  der  Eisenoxydulsalze  auf  kunstliche 
Magenverdauung  und  Faulniss  mit  Pancreas.  Zeitschrift  fiir  Physiologische  Chemie, 
vol.  vii,  p.  315. 
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FeS04-|-7HtO. 

Undigested 
rendue. 

Fibrin 
digested 

0 

0*1835  gram. 

81-65 

0-001  per  cent 

0-1916 

80-84 

0-005 

0-2241 

77  59 

0-010 

01895 

81-05 

0-025 

0-2573 

74-27 

0050 

0-2773 

72-27 

0 

01935 

80*66 

01 

0-3467 

65-33 

0-3 

0-7274 

27-26 

0-8 

0-8080 

19-20 

1-5 

0-8447 

15-53 

Relative  proteo- 
lytic action. 

100-0 

99-0 

95-0 

99-2 

90-9 

88-5 

100-0 
81-0 
33-8 
23-8 
19-2 


Here,  with  the  ferrous  salt,  we  find  pronounced  diminution  of  pro- 
teolytic action,  commencing  even  with  0*001  per  cent.  With  ferric 
chloride,  the  following  results  were  obtained. 


FegClf. 

Undigeated 
residue.' 

Fibrin 
digested. 

Relative  proteo 
lytic  action. 

0 

0-1842  gram. 

81-58  per  cent. 

100-0 

0*001  per  cent. 

0-2111 

78-89 

96-7 

0-005 

0-2059 

79*41 

97-3 

0-010 

0-2165 

78-35 

96*0 

0-050 

0-2332 

76-68 

93-9 

0 

0-1961 

80-39 

100-0 

0-3 

0-6626 

34-74 

432 

0-5 

0*8035 

19-65 

24-4 

0-8 

0-8794 

12  06 

15-0 

3-0 

0-9582 

418 

5-2 

A  comparison  of  the  two  series  of  results,  shows  no  pronounced  and 
constant  difference  in  the  amount  of  action  between  the  two  iron 
salts;  both  retard  proteolytic  action  about  equally;  although  with 
the  larger  amounts,  as  with  0*5  per  cent,  and  beyond,  ferric  chloride 
appears  the  most  injurious.  Comparing  the  results  with  those 
obtained  with  the  manganese  salt,  which  of  late  has  been  recom- 
mended as  a  therapeutic  agent  where  iron  cannot  be  taken,  we  see 
that  the  manganese  is  throughout,  far  less  injurious  than  the  two  salts 
of  iron. 

As  to  the  manner  in  which  the  iron  salts  produce  their  retarding 
effect  on  proteolytic  action,  it  is  evident  that  it  cannot  be  due  to  a 
simple  displacement  of  the  acid  of  the  iron  salt,  by  which  the  pepsin 
is  made  to  act  with  a  less  compatible  acid,  since  ferric  chloride  acts 
similarly  to  the  sulphate,  in  which  case  there  could  be  no  such 
injurious  replacement. 
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Magnesium  stdpJiat^. 

Pfeiffer*  alone  appears  to  have  studied  the  influence  of  magnesium 
sulphate  on  gastric  digestion.  He  found  that  retarding  action  com- 
menced in  the  presence  of  0*24  per  cent,  of  the  salt  and  was  very 
great  in  the  presence  of  4*0  per  cent.  Our  results  show  decided 
retarding  action,  even  in  the  presence  of  0*006  per  cent,  of  the  crys- 
tallized salt.  At  the  same  time,  it  is  to  be  remembered  throughout, 
that  probably  differences  in  the  strength  of  gastric  juice,  would  cause 
some  variation  in  the  amount  of  retardation,  produced  by  any  given 
percentage. 


MK804+7H 

fO. 

Undiflrested 
resldae. 

Fibrin 
dlK(:siod. 

ItolatlTe  proteo> 
lytic  action. 

0 

0-1081  gram. 

89-19  per  cent. 

1000 

0  006 

per  cent. 

01910 

80-90 

90-7 

0010 

0-2330 

76-70 

860 

0-050 

0-3260 

67-40 

7.'>5 

0-100 

0-4428 

55-72 

62-3 

0 

0-2606 

73-95 

100-0 

0-3 

0-7561 

24-49 

33'1 

0-5 

0-7886 

21-14 

28-5 

0-8 

0-8260 

17-60 

237 

1-6 

0-8891 

11-09 

16-0 

3-0 

0-8894 

11-06 

14-9 

It  is  noticeable  here,  that  while  the  retarding  influence  of  the  salt, 
becomes  more  and  more  ])ronounced  as  the  percentage  is  increased, 
there  comes  a  point  (1*5  per  cent.)  when  further  addition  does  not 
materially  influence  the  action  of  the  ferment. 

Potassium  permanganate. 

This  salt,  as  with  the  amylolytic  ferment  of  the  saliva,  shows  very 
energetic  action.  Its  influence  is,  without  doubt,  due  to  rapid  oxida- 
tion and  consequent  destruction  of  the  ferment ;  indeed,  the  (at  first) 
bright  red  color  of  the  solution  became  almost  immediately  bleached 
out  and  the  solution,  at  the  same  time,  completely  deprived  of  pro- 
teolytic power.     The  following  results  testify  to  its  extreme  activity. 


KsMnsOfl. 

rn<llKCstcd 
reslduo. 

Fibrin 
dIpri'Hted. 

Relative  dh 
lytic  actio 

0 

01951  gram. 

80-48  per  cent. 

1000 

0-005  per  cent 

0-8278 

17-22 

21-3 

0010 

0-9949 

0-51 

0-6 

It  is  thus  more  active  in  preventing  proteolytic  action,  in  gastric 
juice  of  the  strength  used,  than  in  hindering  the  development  of 

*  Abstract  in  Centralbl.  med.  Wise.,  1«85,  p.  328. 
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bacteria ;  although  doubtless,  the  action  of  any  one  percentage  is  de- 
pendent in  part,  apon  the  amount  of  organic  matter  present.  Marcus 
and  Pinet*  found  that  the  permanganate  in  0*1  per  cent,  would  pre- 
vent the  development  of  bacteria  and  in  1*5  per  cent,  would  kill 
the  fully  developed  organisms. 

Pota89ium  dichromate, 

A  single  experiment  with  this  salt  gave  the  following  results; 
showing  a  decided  retarding  action  on  gastric  digestion. 


KtCra07. 
0 

0*01  per  cent 
010 


Undlgeated 
residue. 

0*2028  gram. 

0*2476 

0*6383 


Fibrin 
digested. 

79*72  per  cent. 

76*24 

36*17 


Relative  proteo- 
lytic action. 

100*0 
94*4 
46-3 


Potassium  cyanide. 

Potassium  cyanide  we  found  very  active  in  diminishing  the  diges- 
tive power  of  pepsin ;  due  in  great  part  doubtless,  to  decomposition 
of  the  cyanide  by  the  hydrochloric  acid  of  the  gastric  juice  with 
conseqent  formation  of  pepsin-hydrocyanic  acid.  Our  first  results 
were  as  follows : 

Undliroeted  Fibrin  Relative  proteo- 

resldae.  digested.  lytic  action. 

0*3265  gram.  67*45  per  cent.  1000 

0*9687  313  4-6 

0*9912  0*88  1*3 


KCN. 

0 

0*25  per  cent 
0*50 


Here,  the  fibrin  did  not  swell  at  all,  indicating  the  probable  ab- 
sence of  free  hydrochloric  acid,  although  of  course  the  potassium 
cyanide  might,  per  se^  prevent  swelling. 

With  very  much  smaller  percentages  of  cyanide,  we  obtained  the 
following  results : 


KCN. 

Undigested 
resldae. 

Fibrin 
digested. 

Relative  pr 
lytic  acti< 

0 

0*3098  gram. 

6902  per  cent 

1000 

0-005  per  cent 

0*4376 

56*24 

81-5 

0*025 

0*3760 

6250 

90-5 

Potassium  ferrocyanide. 

With  this  salt,  the  results  are  practically  the  same  as  with  potas- 
sium cyanide;  almost  complete  stopping  of  proteolytic  action,  even 
in  the  presence  of  small  fractions  of  one  per  cent. 


*  Action  de  quelques  substances  sur  les  bact^ries  de  la  putrefaction,  Compt.  rend. 
Soc.  de  Biolog.,  1882,  p.  7 18.     Abstract  in  Jaliresboricht  fur  Thiercheinic,  1882,  p.  515. 
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K4Ke(CN)H+8Ht<). 
0 

0*05  per  cent 

010 

0-25 

0-5 

0 
0005 
002& 


UmliiccHtcd 
rrsldue. 

Fibrin 
diKCBled. 

ReUtlTS  protco- 
lytio  •oiUm. 

0*37 1 7  grum. 

G2'83  i)er  cent. 

100-0 

05969 

40-31 

64-1 

0-7922 

20-78 

33-0 

0-9585 

41 5 

6-6 

10 

0 

0 

0-3098 

6902 

100*0 

0-3562 

04-38 

93*3 

0-3471 

65-29 

U4*6 

Potussiuin  chlorate  and  Potassium  nitrate. 

These  two  oxidizing  agents  produce  almost  exactly  the  same  effect 
on  pepsin-hydrochloric  acid  digestion ;  a  retarding  action  directly 
proportional  to  the  amount  of  salt  present. 


KClOj. 

ruditfOHtvcl 
reMtluc. 

0 

0-2083  gram. 

0-3  JH»r  CCMlt. 

()-45r)5 

0-8 

0-7019 

1-5 

0-H173 

30 

0-8707 

KNO.,. 

0 

0-2870  gram. 

03  per  rent. 

0-5370 

0-5 

0-0247 

0-S 

0-7158 

1-5 

0-8148 

30 

0-8907 

Fibrin 
diKvi^ted. 

73*17  per  cent. 

54-35 

29-81 

18-27 

12-93 

71-30  per  cent. 

40-30 

37-53 

28-42 

is  52 

10-93 


ReUtlve  proteo- 
lytic action. 

1000 

74*3 

40-7 

250 

17-6 


1000 

64*9 

52-6 

39-8 

25-9 

16-3 


Wit!)  potassium  clilorate  no  expcrimonts  have  been  previously 
ti-iiMl ;  with  potassimn  nitrate,  however,  Wolbei'g*  experimenting 
with  quantities  varyiny:  from  0*5  to  8*0  per  cent,  found  in  every 
instance,  <liniinutioii  in  the?  piotoolytic  action  of  liis  pepsin  solution. 
This,  liowever,  amounted  to  but  little,  except  in  the  presence  of  8  grams 
(h  i)er  cent.)  of  the  niti'ate,  where  thei'e  was  a  diminution  in  the 
amount  of  tiluin  <ligested,  equal  to  49*0  per  cent.  Kven  with  6  per 
cent,  of  the  salt,  Wolherg  found  after  24  hours,  only  a  diminution 
of  0*8  ])er  cent,  in  the  fibrin  digested. 

In  quantity,  therefoi*e,  our  i-esults  do  not  accoi'd  at  all  with  Wol- 
berg's,  since  as  the  table  shows,  even  O'.S  per  cent,  of  potassium  nitrate 
caused  a  diminution  in  the  quantity  of  fibrin  di^^ested,  amounting  to 
36*1  per  cent.,  when  compared  with  the  control  (100) ;  while  the  pres- 


•  PflQger's  Archiv,  vol.  xxii,  p.  300.     Tcbor  ileu  Kinllnss  eiiiiger  Salze  iind  Alka- 
loiden  aaf  die  Verdauung. 
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ence  of  3  per  ceot.  of  the  salt  caused  a  diminution  in  proteolytic  action 
amounting,  in  the  quantity  of  fibrin  digested,  to  nearly  85  per  cent. 
The  only  apparent  explanation  of  this  difference  in  the  results  [unless 
due  to  difference  in  the  amount  of  ferment]  is  in  the  length  of  time 
the  mixtures  were  warmed  at  40**  C. ;  in  Wolberg's  24  hours,  in  ours 
2  hours.  This,  if  the  true  reason  of  the  difference,  would  imply  on  the 
part  of  the  ferment,  ability  to  gradually  overcome  the  influence  of 
small  amounts  of  the  substance  and  thus  eventually  to  digest  an 
equal  quantity  of  proteid  matter.  This,  however,  would  in  turn 
imply  that  the  object  sought  for,  viz :  the  influence  of  different  quan- 
tities or  percentages  of  a  substance  on  the  action  of  the  ferment  is 
lo8t  sight  of.  The  length  of  time  best  adapted  to  the  experiment,  is 
naturally  that  which  will  bring  out  most  clearly  and  decisively  all 
difierences  of  action. 

Sodium  tetraborate  (Borax)  and  Boracic  acid. 

Sternberg's  experiments*  with  both  of  these  substances,  have 
shown  that,  although  possessed  of  no  germicide  value,  they  prevent 
the  multiplication  of  bacterial  organisms  and  are  thus  valuable  anti- 
septics. 

Wolberg,  in  experiments  made  with  artificial  gastric  juice,  found 
that  in  a  24  hours  digestion,  0*5  gram  (0*5  per  cent.)  of  borax  caused 
a  slight  acceleration  in  proteolytic  action  (0*4  per  cent.),  wliile  with 
1  per  cent,  of  the  salt,  retardation  occurred  to  the  extent  of  23*3  per 
cent.,  and  in  tlie  presence  of  4*0  per  cent,  almost  complete  stopping 
of  proteolytic  action.  Our  results,  however,  fail  to  show  any  stimu- 
lating action  on  the  part  of  the  borate,  although  retardation  is  very 
pronounced. 


B4O7+10HtO. 

L'ndltfcsted 
residue. 

Fibrin 
dlKested 

lii'lntlvu  proteo- 
lytic acilou. 

0 

0-3610  gram. 

G300  por 

cent. 

100-0 

0*05  per  cent 

0-3852 

61-48 

9G-2 

0-20 

0-4080 

59-20 

92-6 

0-6 

0-7710 

22-90 

35-8 

10 

0-9899 

1-01 

1-5 

Doubtless,  the  retarding  action  of  this  salt  is  due  wholly  to  the 
liberation  of  boracic  acid  and  the  consequent  neutralization  of  the 
hydrochloric  acid  of  the  gastric  juice.  Boracic  acid  itself,  ofters  no 
obstacle  to  the  proteolytic  action  of  pepsin-hydrochloric  acid ;  on  the 
contrary  it  increases  it,  but  pepsin-boracic  acid  has  little  digestive 


*  Amer.  Jour.  Med.  ScieDces,  April,  1883,  p.  335. 
Teans.  Conn.  Acad.,  Vol.  VII.  13  Oct.,  1885. 
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power.     The  influence  of  boracic  acid  ou  pepsiu-hydrochlorio  acid  is 
seen  from  the  following  experiments: 


U;tDO,. 

Undigested 
reHldue. 

Klbrin. 
dl4(eHted. 

BelAtiTe  pi 
lyUcaetK 

0 

0  2395  gram. 

76  05  per 

oeut. 

100-0 

0*1  por  ceut. 

0*2232 

77-G8 

1021 

0 

0-2049 

79-51 

1000 

0-5 

01875 

81-25 

102*2 

30 

01729 

82-71 

104-2 

GO 

01445 

85-55 

101-6 

Evidently  tlieii,  the  action  ot  borax  consiRts  simply  in  withdrawing 
from  the  pepsin  the  hydrochloric  acid  of  the  gastric  juice.  The  low 
digestive  power  of  pepsin  and  boracic  acid  is  shown  by  the  foUowiug 
experiment : 

A.  B.  U.  D. 

llaO  Hol.  tKipsin 60  c.  c.  50  c.c.  50  c.c.  50  a  c 

llCl  0  2  i)er  oeut 50  0  0  0 

JI,IU),    0  0-2  grain.  0*3  gmm.  0*5  gram. 

IljO .--       0  50  c.c.  50  c.c.  50  cc. 

100  100  100  100 

01  %  HOI        0-2  ;»'  II3BO3      0-3  %  IlaUO,    0*5  %  H,BO, 

To  c:ic)i,  was  added  1  gram  of  purified  fibrin,  after  which  tlie  mix- 
tures were  warmed  at  40°  C.  for  2  hours.     Following  are  the  results. 

-1.  B.  c.  D. 

Wt.  of  undigested  residue 0*1180         0i)Cl6         09705         0-9620 

Per  cent,  digested 88-20  385  2  95  3-80 

AmiHonium  oxalate. 
With  this  s;ilt  the  following  results  were  obtained: 


(Nn4»<Oi()4+'5"f 

u. 

rndlRi'Ktvd. 
reiflduo. 

Fibrin 

digCriU'iI. 

KeUtlve  pruteo- 
lytic  acUon. 

0 

0-3254  gram. 

G7*4G  ptr 

cent. 

100*0 

0010 

per 

cent. 

0-3579 

04-20 

95-1 

0-025 

0-3G27 

G3-73 

94-6 

0-1 

0-3920 

GO-J<0 

90-1 

0-5 

0  9049 

9-51 

14-1 

0 

0-3098 

GJ)-02 

1000 

i-o 

0-9958 

0  42 

6-G 

As  to  the  cause  of  this  retarding  action,  it  is  probable,  that,  as  in 
the  case  of  borax,  the  oxalic  acid  of  the  salt  is  displaced  and  the 
ferment  compelled  to  act  with  the  acid  thus  liberated.  But  if  we 
compare  the  results  of  the  present  series  with  those  of  the  preceding, 
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we  find  that,  witb  like  percentages  of  tbe  two  salts,  ammonium  oxal- 
ate has  far  the  greater  retarding  power,  and  yet  it  is  well  known 
that  the  ferment  acts  well  when  combined  witb  oxalic  acid.  More- 
over, onr  experiments  show  further  on,  that  ammonium  chloride  has 
no  greater  retarding  power  than  sodium  chloride.  Hence,  there  must 
be  some  reason,  other  than  the  one  mentioned  above,  to  account  for 
all  of  tbe  retarding  action  manifested  by  the  oxalate. 

Petit*  states,  that  the  maximum  digestive  action  of  oxalic  acid, 
with  0-2-0'4  per  cent,  of  bis  pepsin,  is  attained  with  0*5-4 '0  per  cent, 
of  the  acid,  according  to  the  amount  of  pepsin. 

Tbe  comparative  digestive  power  of  pepsin-oxalic  acid  and  pepsin- 
bydrochloric  acid  is  shown  by  the  following  experiments:! 

/L»  jS»  Cm 

HaO  sol.  pepsiD 50  c.  c.  60  c.  c.  50  c.  c. 

0-2  per  cent.  HCl 60  0  0 

CsH^Oi 0  0*5  gram.  1-0  gram. 

H,0 0  60C.C  50c.c. 

100  100  100 

0-1  %  HCl  0-5  %  G^\UO,         1  0  %  C JTaO* 

Warmed  at  40*^  C.  for  2  hours  with  1  gram  of  pure,  dry  fibrin,  the 
following  results  were  obtained : 

A.  B.  C. 

Wt  of  nndigested  residue 0-2170  0*4450  0437 1 

Per  cent,  digested 7830  55-45  5629 

A  second  series,  with  larger  amounts  of  oxalic  acid,  gave  the  fol- 
lowing results: 

A.  B.  C. 

H«0  sol.  pepsin 50  c.  c.  50  c.  c.  50  c.  c. 

0-2  per  cent.  HOI  .50  0  0 

CfHfOf  0  1*5  grams.  2  0  grams. 

H,0 0  50c.  a  50c.  c. 

100  100  100 

0-1  per  cent.  HCl         1*5  per  cent.  C2H,04        2  0  per  cent  CfHaOi 

Undigested  residue  0*1085  gram.  0*3090  gram.  0-3640  gram. 

Per  cent  digested      89*16  69*10  63-60 

These  four  results  being  placed  on  the  same  basis,  i.  e.  compared 
witb  their  respective  controls  (100)  show  as  follows: 

— '■        -   ■'  ■■■  *■  -■■■■  ■■■  ■  ■■_,  ,_  ..  ,^ 

♦  Jahresbericbt  fur  Tliierchemie,  1 880,  p.  309. 
f  Made  in  this  laboratory  by  Mr.  R.  W.  Finney. 
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„  ^       ^  BelatiTe  proteo- 

Per  cent,  of  aold.  lytic  acUoii 

01  HCl  100-0 

0-6.C,H,O4  70-7 

1-0  71-7 

1-5  77-6 

20  71-3 

This  shows  maximum  action,  with  our  amount  of  pepsin,  in  the 
presence  of  J  '5  per  cent,  of  oxalic  acid  and  shows,  moreover,  that  the 
retarding  influence  of  ammonium  oxalate  on  proteolytic  action,  is  not 
fully  explained  by  the  suggested  neutralization  of  the  hydrochloric 
acid  of  the  gastric  juice,  unless  it  be  that  the  ammonium  chloride, 
formed  by  the  reaction,  clfects  pepsin-oxalic  acid  differently  than  it 
does  pepsin-hydrochloric  acid. 

Sodium  chloride. 
With  this  salt  we  obtained,  by  our  method,  the  following  results : 


NaCl. 

rndlKCHtcd 
reMlduo. 

Fibrin 
(llKosltid. 

Uclatlvc  proteo* 
lytic  HCtJon. 

0 

0-2I)3(;  grani. 

70'(M  jKjr  cent. 

1000 

O'OOfj  pcroont. 

0-2824 

71-70 

101-6 

0010 

0-2H5)(; 

71-04 

100-5 

0-U2.> 

0-3  Ml 

05-59 

92-8 

(>or»o 

0-3511 

64-89 

91-8 

O-IOO 

0-3741 

G2-5G 

88-5 

0 

0-2(U;!> 

73-31 

1000 

o:{ 

0-41)53 

50-47 

68-8 

O-f) 

O-fn?.') 

38-25 

521 

O'S 

0*Gyl>8 

31-02 

42-3 

l-.*) 

0-7825 

21-75 

29-6 

3-0 

0-s24il 

17-51 

23-8 

Alex.  Sclimidt*  has  recorded  the  retarding  effect  of  sodium  chlo- 
ride on  the  proteolytic  action  of  gastric  jiiico  ;  Pctitf  likewise,  has 
stated  that  small  quantities  of  sodium  chloride  interrupt  the  action 
of  the  ferment,  and  WolbergJ  has  recorded  the  same  result  with 
varying  percentages  of  tlie  salt;  noting  in  addition,  tliat  very  small 
quantities  cause  a  sliglit  acceleration  of  proteolytic  action,  amounting 
in  his  experiment  to  2*5  per  cent. 

With  0*005  per  cent,  of  the  salt,  we  found  as  the  results  shoWi 
acceleration  amounting  to  I'tt  per  cent.,  larger  amounts  causing  a 
gradual  and  proportional  diminution  in  proteolytic  action. 

*  PllCiger's  Arcliiv,  xiii,  p.  08. 

f  .TalircHhoriclit  fiir  Tliiorchomie,  1880,  p.  309. 

X  Plliiger'a  Arcliiv,  xxii,  p.  208. 
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Pfeiffer*  has  also  called  attention  to  the  retarding  action  of  this 
substance. 

Potassium  chloride. 
With  this  salt  our  results  are  as  follows: 


KCl. 

0 
0*005  per  cent. 
0-025 
0060 
0-100 

0 
0-3 
1-5 
3-0 


Undlffestod 
residue. 

0-1552  gram. 

0-1817 

0-1550 

0-2565 

0-2097 

0-1930 
0-3997 
0-6815 
0-7282 


Fibrin 
digested. 

84-48  per  cent 

81-83 

84-50 

74-35 

7903 

80-70 
60-02 
31-85 
27-18 


Belatlve  proteo- 
lytic action. 

1000 

96-8 
1000 

880 

93-5 

100-0 
74-3 
39-4 
33-6 


Tlie  only  noticeable  difference  between  the  action  of  this  salt  and 
tbe  preceding,  is  the  absence  of  any  acceleration  on  the  part  of  the 
potassium  chloride  and  with  larger  percentages,  a  less  vigorous  retard- 
ing action. 

Ammonium  chloride. 

For  the  sake  of  comparison  a  few  experiments  were  tried  with  this 
salt,  with  the  following  results : 


(NH4)C1. 

Undigested 
residue. 

Fibrin 
digested. 

RelatlTe  proteo- 
lytic action. 

0 

0-1880  gram. 

81-20  per  cent. 

1000 

0-3  per  cent. 

0-4649 

53-51 

65-9 

0-8 

0-6615 

33-85 

41-7 

30 

0-6970 

30-30 

37-3 

By  looking  at  the  table  of  comparisons,  we  see  there  is  little  con- 
stant difference  in  the  amount  of  retardation  caused  by  the  ammo- 
nium, potassium  and  sodium  salts  of  hydrochloric  acid.  This  result, 
however,  is  quite  different  from  that  obtained  by  Wolberg,  who 
found  that  ammonium  chloride  influenced  proteolytic  action  but  very 
little,  while  both  potassium  and  sodium  chloride  caused  great  retard- 
ation. This  difference  in  result,  may  be  due  to  difference  in  strength 
of  gastric  juice  or  to  difference  in  length  of  time  the  mixtures  were 
warmed  at  40°  C. ;  certainly  in  our  experiments,  with  pure  anhydrous 
salts  and  2  hours  digestion,  very  little  difference  in  digestive  action  is 
noticeable ;  throughout^  sodium  chloride  causes  a  little  less  proteolytic 
action  than  the  corresponding  potassium  salt,  while  of  the  ammonium 
salt,  little  is  to  be  said  except  that  it  causes  equal  retardation. 


♦  Centralbl.  med.  Wise.,  1885,  p.  328. 
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Wolberg  in  itpeaking  of  the  relative  reUrding  actios  of  tht  tkn  : 
fu)diuni  Raits  of  hydrochloric,  nitric  and  salpharie  aoda,  states  M' 
the  sulphate  retards  the  most,  then  the  nitrate  and  lastly  tbe  ehkriib ' 
We  liave  noticed  the  same  fact  in  our  work  and  take  it  as  additioHl 
evidence  of  the  liberation  of  the  acid  of  the  salt  added,  the  retarliiK 
influence  of  the  salt  >>eing  de]K'ndent,  in  part,  on  the  digestire  power cf 
the  |>e|»siii-ariW  formed. 

The  following  experiments,*  showing  the  relative  digestive  power 
of  the  several  acids  in  con]unction  with  pepsin,  testify  to  the  prohi- 
bility  of  this  view. 

All  of  the  solutions  contained  50  c.  c.  of  an  aqneoos  solution  of 
«rlyeeriiie-iK?psin,  each  having  a  total  volame  of  100  c.  c.  anddiiEerisg 
from  each  other  only  in  the  nature  and  percentage  of  the  aeid  prcNSt 

In  testing  the  digestive  power  of  the  solation,  1  gram  of  pure  fibril 
was  added  and  the  mixtures  warmed  at  40**  C.  for  two  hours,  after 
!  which  the  amount  diorested  was  determined  in  the  usual  numner. 


Ptrnnttnfc  of  fibrin  digested  in   the  presence  of  the  dififtnt  p^ 

cent  ages  of  acids. 

OootraL 

0-(t/iri  iri';  ir2*;  0-Sff  0'4%  0-6%  0'l%BCi 

HNOit '•♦••^0  4s-7r>  730:»  r,7-20  46-00                         8^'66 

lU'SO. 19M»  24-70  25-SO  22-65  24-95         8M5 

<-.n40,....  3-70  2-30         87-60 

C-omparing  tlioso  results  with  their  resi>ective  controls,  figured  U 
100,  we  have  the  followiuir  values  for  sulphuric  and  nitric  acids,  ex- 
pressive of  their  relative  proteolytic  power  when  comhined  with 
]K'])siii,  as  compared  with  01  per  cent,  hydrochloric  acid  under  sinii- 
lar  couditions. 


Pi;r  cfiit.  ar 

Id. 

lINOa. 

HtSOi 

oor, 

lor, 

1 

01 

r»r»r» 

22-1 

0-2 

H40 

280 

OH 

70-7 

291 

0-4 

ri2r> 

25-6 

<>r> 

28-2 

Prom  this  it  is  evident,  that  nitric;  acid  is  most  actiTe,  with  OUI 
amount  of  pepsin,  in  a  0-2  p<»r  cent,  solution,  while  snlphuric  aeid 
attains  its  maximum  action  in  o«  jht  cent. ;  moreover,  nitric  acid  il 

•  Made  in  tliiH  lolM,ruU»ry  by  Mr,  R.  W.  Pinnoy. 

t  The  edds  are  cnlciilatod  m  pure  HNO„  H,S04,  etc. 
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more  thau  four-fifths  as  active  as  0*1  per  ceut.  hydrochloric  acid, 
while  sulphuric  acid  is  only  a  little  more  than  one-fourth  as  active  as 
the  hydrochloric  acid ;  acetic  acid  being  practically  worthless. 
Hence  it  is  obvious,  that,  the  base  being  the  same,  acetates,  borates 
and  other  salts,  the  acids  of  which  are  not  capable  of  working  with 
pepsin,  will  most  readily  retard  gastric  digestion;  then  of  the  other 
salts  experimented  with,  sulphates  and  lastly  nitrates. 

A  glance  at  the  table  of  comparisons,  shows  here  and  there,  results 
which  manifestly  accord  with  this  view,  notably  lead  acetate,  cupric 
sulphate,  zinc  sulphate,*  magnesium  sulphate  and  potassium  nitrate. 

That  this  withdrawal  of  free  hydrochloric  from  -the  pepsin,  is 
only  a  partial  explanation  of  the  mode  of  action  of  neutral  salts  is 
plaiu  from  the  fact  that  chlorides  exert  very  pronounced  retarding 
action ;  moreover  the  action  of  these  latter  as  well  as  of  the  others 
cannot  be  due  merely  to  mechanical  causes,  viz:  the  semi-saturation 
of  the  digestive  fluid,  since  3*0  per  cent,  of  boracic  acid  stimulates 
iuKtead  of  retarding,  and  even  the  presence  of  10  per  cent,  of  arsenic 
acid  causes  retardation  amounting  to  only  32  per  cent.  According 
to  Petit,t  moreover,  saccharose  to  the  extent  of  1 6  per  cent,  does  not 
interrupt  gastric  digestion.  Again,  that  the  base  entering  into  the 
composition  of  the  salt  has  much  to  do,  in  many  cases,  with  its  re- 
tarding proteolytic  action,  is  apparent  when  we  compare  the  action 
of  ferric  chloride,  manganous  chloride,  sodium  chloride,  mercuric 
chloride  and  other  metallic  salts.  That  this  action  is  due  in  part  to 
capability  of  combining  with  the  proteid  matter,  thus  rendering  it 
non-<1igestible,  is  unquestionable. 

Acceleration,  produced  by  neutral  salts  has  been  noticed  by  other 
observei-s,  but  uo  explanation  of  the  cause  has  been  oflered.  It  seems 
probable,  however,  that  in  the  case  of  pepsin-hydrochloric  acid,  one 
plausible  reason,  at  least,  may  be  suggested.  If,  as  has  been  mentioned, 
many  of  the  neutral  salts  are  decomposed  by  the  acid  of  the  gastric 
juice,  it  would  follow  that  the  addition  of  very  small  amounts  of  the 
salts  would  diminish  slightly  the  percentage  of  free  hydrochloric 
acid,  while  the  acid  liberated  from  the  salt,  would  be  entirely  without 
deleterious  action.  Nearly  every  experimenter  in  this  direction  has 
employed  in  the  preparation  of  gastric  juice  0-2  per  cent,  hydrochloric 
acid,  which  is  well  adapted  for  the  purpose,  but  the  action  of  the  acid 
is  dependent  in  part  on  the  amount  of  ferment.  With  our  solution  of 
pepsin,  the  following  results,  expressed  in  the  percentage  of  fibrin 


*  Compare  Petit,  Jahresbcricht  fiir  Thierchomie,  1880,  p.  :U)9. 
f  Jahresbericht  fQr  Thierchemie,  1880,  p.  309. 
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digested,  were  obtained  with  difterent  percentages  of  hydrochloric 
acid ;  the  amount  of  pepsin  being  the  same  in  each  case. 

Perceut.  HCl 0'U5         O'l  0'2  0'3  0'4 

Percent,  fibrin  diffustod     738  8(f',3  810  SI'"?  63-8 

This  sliows  plainly,  that,  with  the  amount  of  pepsin  employed  in  our 
experiments,  acceleration  of  proteolytic  action  on  the  addition  of 
neutral  salts,  might  in  some  instances  be  due  to  slight  diminution  of 
free  hydrochloric  acid.  That  this  is  not  the  sole  cause,  however,  is 
plain  from  the  fact  that  closely  related  salts  do  not  act  alike. 

Potasaium  bromide  and  Potassium  iodide. 
With  these  two  j)otassium  salts,  the  following  results  were   ob- 


tained : 

KDr. 
0 

I'ndiKi'Hted 
rettiduc. 

0-3837  gram. 

Fibrin 
dIgcNted. 

01-03  per 

cent 

ReUUve  proteo> 
lyUc  action. 

100*0 

OOOG 

\)Qr 

cent. 

0-3205 

67-95 

110-2 

()025 

o-3o:i:) 

09-05 

1130 

010 

OM'iOl 

57-90 

. 

94-0 

0-50 

0-5IJ0O 

43-10 

700 

TOO 

(»G203 

37-97 

61-6 

Kl. 

0 

0-257  2  j^rani. 

7  1-2H  per 

wnt. 

100-0 

0005 

jK*r  cr-nt. 

0-27  r.r> 

72-15 

97-5 

O02r> 

o-:ii2i 

05-78 

88-6 

010 

o-2Hn 

71-59 

96-4 

or>o 

o-o.un 

3t>-33 

48-9 

1-00 

o-7:>««; 

24-11 

32-5 

15y  compjirisoii  of  these  two  series  of  results,  we  see  that  there  is 
a  very  decidiMl  diffcronce  in  the  action  of  the  two  salts;  potassium 
bromide  in  very  sinall  quaiitity,  causes  a  decided  acceleration  in  pro- 
teolytic action,  which  is  wholly  lacking  wilh  potassium  iodide.  Again, 
there  is  a  very  great  difference  in  the  amount  of  retardation  produced 
by  the  two  salts;  thus  by  comparison  with  their  respective  controls 
we  see,  that  while  1  per  cent,  of  potassium  bromide  causes  retardation 
in  digestive  action,  amounting  to  38*4  per  cent.,  the  same  percentage 
of  iodide  causes  retardation  amounting  to  07 '5  per  cent.  It  is  to  be 
sui>posed,  naturally,  that  in  the  ju-esence  of  large  amounts  of  the 
salts,  the  ferment  must  act  wholly  in  combination  with  hydrobromic 
and  hy4lriodic  acid  respectively;  that  is  to  say,  I  lie  hydrochloric 
acid  of  the  gastric  juice  must  have  re])hu'ed  these  two  acids  in  the 
potassium  salts,  and  thus  new  pepsin-comp«)unds  formed,  of  which 
pepsin-hydrobromic  acid  is  the  more  active  digestive  agent. 


Of  I  the  Proteolytic  Action  of  Pepsin-hydrocldoric  Acid,         97 

Pulzeys,*  indeed,  found  that  he  obtained  practically  the  same 
proteolytic  action  [retarding]  with  pepsin  and  hydriodic  acid,  as 
with  potassium  iodide  and  pepsin-hydrochloric  acid.  The  following 
results,  showing  the  relative  digestive  action  of  pepsin  with  hydro- 
bromic  and  hydriodic  acid  respectively,  were  obtained  by  Putzeys. 


HI. 

HBr. 

Dlgeetive  pro- 
(lnct«  formed. 

0-625 

gram. 

M  «  w  « 

15-8(5  per  cent, 

0-937 

>  -  •- 

31-33 

3-310 

•  >  -  • 

2-33 

.... 

0-882 

gram. 

26-40 

- . .  • 

2-200 

45-60 

3-309 

46-60 

It  is  thus  evident,  that  both  hydrobromic  and  hydriodic  acid  can, 
to  a  certain  extent,  replace  the  hydrochloric  acid  of  the  gastric  juice, 
although  they  are  much  less  active  than  the  latter  acid.  Moreover, 
hydrobromic  acid  is  much  more  efficient  than  hydriodic  in  connec- 
tion with  the  ferment,  for  in  comparatively  large  doses  the  latter 
acid  will  completely  stop  proteolytic  action.  As  a  practical  result, 
Putzeys  suggests,  that  for  therapeutic  purposes,  potassium  bromide 
and  iodide  should  be  given  ^  to  1  hour  before  meals.  Our  results 
are  plainly  in  accord  with  Putzeys'  observations. 

The  following  table  shows  the  relative  influence  on  the  proteolytic 
action  of  pepsin,  of  the  various  inorganic  salts  experimented  with, 
compared  with  the  controls,  expressed  as  100. 


♦  Jahresbericbt  fOr  Thierchemie,  1877,  279.     De  rinfluence  de  I'iodure  et  du  bro- 
mure  de  potassium  sur  la  digestiou  stomacale. 

Than-s.  Conn.  Acad.,  Vol.  VII.  14  Oct.,  1885. 
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Alkaloid  salts. 

Accorciing  to  Petit,  alkaloids  do  not  interrupt  the  action  of  pepsin 
in  acid  solution.  Wolberg,  however,  found  that  morphine  chloride, 
strychnine,  quinine  sulphate  and  narcotiue,  used  in  very  small  quantities 
(0'5  grain  to  100  c.  c),  caused  in  every  instance,  excepting  with 
quinine  sulphate,  retardation  amounting  on  an  average  to  nearly  3 
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per  cent.;  with  quinine  sulphate,  slight  acceleration  was  obtained. 
Strychnine  and  narcotine,  in  very  small  quantity,  gave  slight  accel- 
eration. Dr.  H.  V.  Boeck*  states,  that  quinine  is  without  influence 
on  the  activity  of  pepsin. 

In  our  experiments,  using  larger  amounts  of  the  alkaloid  salts, 
retardation  is  very  pronounced,  doubtless  due  in  part  to  replacement 
of  the  snlphuric  acid  of  the  salts  by  the  acid  of  the  gastric  juice. 

Undigeited  Fibrin  Relative  nroteo- 

Alkaloid  salt.  rMldue.  digested.  lytic  action. 

0  0-3556  gram.  6445  per  cent.  100*0 

(Sr),  .H8S04+6H[,0. 

0-5  per  cent  0-6825  31-75  492 

10  0-8213  17-87  27-7 

(Br)..H,S04+H,0. 

0-5  0-5685  43-15  66-9 

1-0  0-7700  23-00  356 

(At)j  .  H,S04. 

0-6  0-6412  35-88  556 

(Q),.H,S04+7H,0. 

0-5  0-6606  33-94  526 

(a),  +  H,S04+2H40. 

0-5  0-6885  31-15  483 

(Mo),.H,S04+5n,0. 

0-5  0-6226  37-75  58-5 

(Na),.HsS04  +  HgO. 

0-5  06365  36-35  564 

Percentage  retardation  of  the  alkaloid  salts  (0*5  per  cefit) 

Strychnine 508 

Brucine 33-1 

Atropine 44-4 

Quinine.. 47  4 

Cinchonine 517 

Morphine 41*5 

Narcotine 43-6 

*  Zeitachrift  for  Biologic,  vol  vii,  p.  428. 
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OX  THE  Proteolytic  Action  op  the  Pancreatic  Fbrmbnt. 
By  R.  II.  Chittenden  and  Geo.  W.  Cummins,  Ph.B. 

With  the  proteolytic  ferment  of  the  pancreatic  juice,  few  sys- 
tematic experiments  have  been  tried  to  ascertain  the  influence  of 
those  substances  the  frequency  of  whose  use,  as  therapeutic  or  toxic 
agetits,  renders  their  action  on  this  ferment  a  matter  of  no  small  con- 
sequence. The  well  known  experiments  of  Heidenhain,  Etlhne  and 
Schmidt  have  been  confined  to  the  action  of  sodium  carbonate,  sodium 
chloride  and  kindred  salts  of  physiological  importance.  PfeiflFer* 
has  indeed,  in  addition,  experimented  with  a  few  of  the  sulphates  of 
the  alkalies  and  alkali-earths,  but  of  the  large  number  of  metallic 
and  other  salts  in  common  use,  few  have  been  tried,  while  the  action 
of  alkaloids  and  the  gases  occurring  in  the  intestinal  canal,  has  not 
been  studied  at  all. 

Method  employed. 

It  is  a  characteristic  of  the  proteolytic  fennent  of  the  paDcreatic 
juice,  that  it  exercises  considerable  digestive  power  in  a  neutral 
solution.!  Ill  view  therefore  of  the  fact  that  the  ferment,  while  in  the 
intestinal  canal,  may  be  obliged  to  act  in  an  acid-reacting  medium 
(ilue  to  acid-proleids)  as  frequently  as  in  an  alkaline  or  neutral  one, 
it  seemed  advisable  in  the  ex|)erinients,  to  employ  a  neutral  solution 
of  trypsin.  Moreover,  it  l)ecome8  necessary  to  use  such  a  solution, 
if  salts  of  the  heavy  metals  are  to  be  experimented  with,  since  in 
alkaline  solutions,  carbonates  or  oxides  of  the  metals  would  be  formed 
and  thus  affect  the  results;  still,  again,  the  action  of  all  substances 
can  be  best  studied  in  neutral  solution,  since  under  such  conditions, 
no  replacements  or  decompositions  of  any  kind  take  }>lace  to  compli- 
cate the  action  of  the  substance,  other  than  the  direct  action  on  the 
ferment  or  the  protoid  matter.  Hence,  a  neutral  solution  has  in  every 
case  been  employed  as  beini:^  the  most  satisfactory,  while  only  such 
substances  have  l>een  experiinented  with,  as  contained  no  free  acid 
or  alkali,  the  destructive  action  of  which  is  well  known. 


*  Oeiitralbl.  ined.  Wiss.,  IS.Sf),  p.  32fi. 

+  Seo  Chittenden  and  Cummins,  Amer.  Chem.  Jour.,  vol.  vii,  p.  4G.     Also  Trans. 
Conn.  Acad.,  vol.  vii. 
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The  solntion  of  trypsin  was  prepared  according  to  Ktthne's* 
method  from  dried  ox  pancreas  freed  from  fat ;  40  grams  dry  pan- 
creas in  500  c.  c.  0*1  per  cent,  salicylic  acid,  neutralized  and  diluted  to 
2  litres.f  In  each  digestion  experiment,  25  c.  c.  of  this  neutral  trypsin 
solution  were  used,  to  which  was  added  25  c.  c.  of  water  containing 
the  substance  to  be  experimented  with,  or  in  the  control  25  c.  c.  of 
water  alone,  making  the  volume  of  the  digestive  mixture  in  each  case 
50  c.  c.  In  testing  the  proteolytic  action  of  the  different  solutions,  1 
gram  of  pure  dry,  pulverized  fibrin,  described  in  the  preceding 
article,  was  added  and  the  mixtures  warmed  at  40®  C.  for  six  hours, 
after  which  the  undigested  fibrin  was  filtered  on  weighed  filters, 
washed  thoroughly  and  dried  at  100-110°  C.  until  of  constant  weight. 

In  this  work  as  in  the  study  of  the  salivary  ptyalin  and  pepsin,  it 
has  been  the  effort  mainly  to  asceitain  the  relative  action  of  small 
quantities  of  the  various  salts,  rather  than  the  percentages  necessary 
to  completely  stop  the  action  of  the  ferment,  this  to  our  mind  being 
much  the  more  important. 

Mercuric  chloride. 

With  small  percentages  of  this  salt,  the  following  results  were 
obtained : 


HgClf. 

UndUrested 
resldae. 

Fibrin 
digeHted. 

Relative  proteo 
lytic  action. 

0 

04495  gram. 

55-05  per 

cent. 

1000 

0002 

per 

cent 

0-4465 

55-35 

100-5 

0003 

0-4405 

55-95 

101-6 

0-005 

0-4562 

54-38 

98-7 

0026 

0-5076 

49-24 

89-4 

0-100 

0-7753 

2247 

408 

As  seen  from  the  table,  0-1  per  cent,  mercuric  chloride  diminishes 
the  proteolytic  action  of  the  ferment  more  than  one-half.  Its  action 
in  this  percentage  is  more  energetic  than  on  pepsin,  although  the 
smaller  quantities  are  proportionally  far  less  active ;  in  one  case 
(0'003  per  cent.)  even  causing  acceleration. 

WassilieffI  has  studied  the  influence  of  mercurous  chloride  on  pan- 
creatic digestion  and  finds  that  calomel  does  not  affect  the  action 
of  the  proteolytic  ferment,  while  it  does  prevent  the  formation  of 
putrefaction  products,  viz :  indol,  phenol,  etc. 


*  Untersuchungen  aus  der  phTsiolog.  Inst.  d.  Univcrsitat  Heidelberg,  vol.  i,  p.  222. 

f  The  solution  was  kept  from  putrefaction  by  the  use  of  a  Httle  20  per  cent. 
alcoholic  solution  of  thymol;  enough  of  which  remained  dissolved  in  the  fluid  to  pre- 
vent putrefaction  also  during  the  six  hours  digestion  at  40**  C. 

X  Zeitschrift  fCir  physiol.  Ohemie,  vol.  vi,  p.  112. 
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Mercuric  iodide  and  Mercuric  bromide. 

These  salts  dissolved  in  sodiam  chloride  in  such  proportion  that  the 
ultimate  solutions  contained  like  percentages  of  both  salts,  gave  the 
following  results : 


Hgl,. 

UndteMted 
rendve. 

Flbrtn 
digestod. 

Relative  proteo- 
lytie  aetloB. 

0 

0-4707  gram. 

62-93  per 

cent 

100-0 

0-005  per  cent. 

0-4780 

52-20 

98-6 

0026 

0-5085 

49-15 

92-8 

0-100 

0-5994 

40-06 

75-6 

0-200 

0-6580 

34  20 

64-6 

HgBrg. 

0 

0-4707  gram. 

52*93  per 

cent. 

100-0 

0*005  per  cent 

0-4400 

56-00 

105-5 

0-025 

0-4840 

51-60 

97-4 

0-100 

0-5721 

42-79 

80-8 

0-200 

0-6548 

34-52 

65-2 

Aside  from  a  slight  acceleration,  noticed  with  0005  per  cent,  of 
bromide,  the  two  salts  act  very  much  alike,  causing  retardation  of 
proteolytic  action ;  less  pronounced  however,  than  that  caused  by 
mercuric  chloride. 

Mercuric  cyanide. 

The  action  of  this  salt  is  somewhat  peculiar,  causing  at  first  when 
in  small  quantity,  noticeable  retardation  followed  in  the  presence  of 
larger  percentages  by  increased  proteolytic  action,  though  still  below 
the  action  of  the  normal  solution  of  trypsin. 

In  a  general  way,  its  action  on  this  ferment  accords  very  nearly 
with  its  action  on  the  amylolytic  ferment  of  saliva  and  the  proteo- 
lytic ferment  of  the  gastric  juice. 


HBfCN)». 

Undlarested 
residue. 

Fibrin 
digested. 

Relative  proteo- 
lytic MttOQ. 

0 

0-2668  gram. 

73-32  per  cent. 

100-0 

0-005  per  cent 

0-3192 

68-08 

92-8 

0-025 

6-3209 

67-91 

92-6 

0-050 

0-3244 

67-56 

92-1 

0-100 

03308 

66-92 

91-2 

0 

0-3675  gram. 

63-25  per  cent. 

100-0 

0-3  percent. 

0-4094 

59-06 

93-3 

0-5 

0-3880 

61-20 

96-7 

1-5 

0-3932 

60-68 

95-9 

Its  action  is  to  be  attributed  mainly  to  the  hydrocyanic  acid 
radical,  judging  from  the  action  of  potassium  cyanide  on  the  one 
hand  and  the  action  of  mei'cury  salts  on  the  other.  There  is,  how- 
ever, without  doubt  a  close  connection  between  the  action  of  these 
salts  and  their  power  of  combining  with  proteid  matter  in  generaL 
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Cupric  mlphttte. 

With  this  salt  a  more  energetic  retarding  action  is  to  be  noticed, 
than  in  the  case  of  the  proteolytic  ferment  of  gastric  juice;  0*1 
per  cent,  of  the  salt  causing  a  retardation  in  proteolytic  action  of 
65*7  per  cent,  as  compared  with  a  retardation  of  38-8  per  cent,  in  the 
case  of  pepsin. 

CaS04+5H«0.  rnldiie. 

0  0*5035  gran. 

0*005  per  cent  0-5027 

0025  0-5320 

0050  0-5866 

0100  0*8295 

Lead  ctcetdte. 

With  this  salt  the  following  results  were  obtained,  agreeing  essen- 
tially in  the  smaller  percentages,  with  those  obtained  with  cupric 
sulphate.  In  the  presence  of  0*1  per  cent.,  however,  retardation  is 
far  less  than  with  the  same  percentage  of  cupric  sulphate;  0*5  per 
cent,  completely  stops  proteolytic  action. 


Fibrin 

Belative  proteo 
lytic  action. 

49-65  per 

cent. 

1000 

49*73 

100-1 

46-80 

94-2 

41-44 

83-4 

17-05 

343 

Pb(C,H,0,),. 

f8U, 

,0. 

UDdljrc«te4 
residue. 

Plbrta 
dUeHted. 

BelatiTe  prot«^o 
lytic  action. 

0 

0*4562  gram. 

54-38  per 

cent 

100  0 

0-005 

per 

cent. 

0*4656 

53-45 

98-2 

0025 

0-5391 

46-0» 

84-7 

0-050 

0*5660 

43-40 

79-8 

0*100 

0-6410 

35  90 

66-0 

0-500 

1*0 

0 

0 

StanuoiM  chloride. 

This  salt,  in  conformity  with  its  action  on  the  amylolytic  ferment 
of  saliva,  causes  very  decided  retardation  in  the  proteolytic  action 
of  trypsin,  requiring  but  a  very  small  amount  of  the  salt  to  com- 
pletely stop  the  action  of  the  ferment. 


SnClf. 

Undtveated 
raaldiM. 

Ftbrin 
dl^featcd. 

Relative  proteo 
lytic  action. 

0 

0*3875  gram. 

61*25  percent 

1000 

0*0005  per  oent 

0-4495 

55-05 

89-8 

0*005 

0-5370 

46-30 

75*5 

0026 

1*0 

0 

0 

Arsenioits  oxide. 

Sch&fer  and  Bohm  have  experimented  with  arscnious  acid,  study- 
ing its  influence  on  the  proteolytic  action  of  a  glycerine  infusion  of 

*  Abstract  in  Jahresbericht  fiir  Thiercbemie,  1872,  p.  363. 
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pancreas.  They  find  that  arsenious  acid  is  without  influence  on  the 
action  of  the  ferment.  We  do  not  know  whether  they  added  arsen- 
ious acid  to  a  neutral  or  alkaline  solution  of  the  ferment,  as  we  have 
seen  only  an  abstract  of  their  paper,  but  we  find  that  the  addition 
of  very  small  amounts  of  arsenious  oxide  to  a  neutral  solution  of 
trypsin,  does  produce  a  slight  retardation  in  the  proteolytic  action 
of  the  ferment.  Owing  to  the  comparative  insolubility  of  arsenious 
oxide  in  water,  only  small  percentages  could  be  employed,  but  these 
show,  as  might  be  expected  from  the  acid  character  of  the  substance, 
a  decrease  in  proteolytic  action. 


ASfOj. 

Undigested 
residae. 

Fibrin 
diireited. 

Relative  proteo- 
lytic action. 

0 

0*4598  gram. 

54-02  per 

cent 

100*0 

0*001 

per 

cent 

0-4630 

63-70 

99-4 

0005 

0-4513 

64-87 

101-6 

0025 

0-4710 

62-90 

97*9 

0060 

0-4723 

Arsenic 

acid. 

62-77 

97-6 

This  substance,  in  conformity  with  its  more  decided  acid  character, 
causes  greater  retardation  than  arsenious  acid ;  which  fact  tends,  by 
analogy,  to  make  the  retarding  action  of  the  latter  still  more  proba- 
ble.    The  results  are  as  follows : 


HSA804. 

Uodiffested 
residue. 

Fibrin 
digested. 

Relative  proteo- 
lytic action. 

0 

0-4598  gram. 

6402  per 

cent 

100-0 

0*005  per  cent 

0-4563 

54*37 

100-6 

0025 

0*4887 

61*13 

94-6 

0-050 

0-6264 

47-36 

87*4 

0*100 

0-6340 

36*60 

67*7 

Ammonium  arsenate. 

This  salt  in  small  amount,  appears  to  increase  the  proteolytic  aotion 
of  the  ferment,  which  fact  would  indicate  that  the  retarding  action 
of  the  two  preceding  arsenic  compounds  is  due  more  to  their  aoid 
character  than  to  the  arsenic  contained  in  them. 


(NH4)3Ab04. 

0 
0-050  per  cent 
0-100 

0 
0-5 


UadlKCsted 
resldae. 

0-4598  gram. 

0-4620 

0-4442 

0-3675 
0-4071 


Fibrin 
digested. 

5402  per  cent 

53-80 

55-68 

63-25 
59-29 


Relative  proteo- 
lytic action. 

100*0 

99*6 

102*8 

100*0 
93*7 
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Potassium  antimony  tartrate. 

This  compound  of  antimony  fkils  to  produce  with  trypsin  the 
marked  acceleration,  noticed  with  the  aroylolytic  ferment  studied. 

This  difference  in  action,  since  both  ferments  were  in  neutral  solu- 
tion, indicates  a  specific  difference  in  the  nature  of  the  two  ferments. 
Following  are  the  results  obtained  : 


K(8bO)C4H406. 

Undiffested 
residae. 

Fibrin 
digested. 

Relative  proteo 
lytic  iictlon. 

0 

0-3978  gram. 

60-22  per 

cent 

100-0 

0*2  per  cent. 

0-4105 

58-95 

97-8 

0-5 

0-4129 

58-71 

97-4 

1-0 

0-4258 

57-42 

96-3 

1*5 

0-5406 

45-94 

76-2 

Ferric  chloride  and  ferrous  sulphate. 
With  these  two  salts  of  iron  the  following  results  were  obtained  : 

UDdljrested  Flbrtn  BeUtlve  proteo- 

FetOe-  resldne.  digested.  lytic  action. 

0  0-5215  gram.  47  85  per  cent  100*0 

0-005  per  cent  0*5431  45*69  95*4 

0025  0-6243  3757  785 

0-050  0-7457  2543  53-1 

0-100  1-0  0  0 

Fe604-|-7HtO. 

0  0-4075  gram.  59*25  per  cent  1000 

0*005  per  cent  0*4548  54*52  92  0 

005  0-6225  37-75  637 

0-10  0-7177  28*23  47*6 

0-25  0*7104  28-96  488 

0-50  0-7219  27-81  46  9 

1*00  0*7675  23*25  30*2 

1*50  0*7861  21*39  361 

Ferric  chloride  is  seen  to  be  far  more  energetic  in  its  hindering 
action  on  the  proteolytic  ferment,  than  the  ferrous  salt.  A  like  result 
was  obtained  with  the  amylolytic  ferment  of  the  saliva  and  to  a 
lesser  extent  with  pepsin-hydrochloric  acid. 

Bubnow*  has  tried  experiments  with  both  of  these  salts  and  found, 
as  might  be  expected,  that  when  present  to  the  extent  of  5  per  cent. 
they  prevented  the  appearance  of  putrefaction  products  (indol,  phe- 
nol, etc.)  but  did  not  interfere  with  the  action  of  the  unorganized 
ferment.  As  no  quantitative  results  were  obtained,  we  can  make  no 
direct  comparisons.  In  our  expenments,  it  is  to  be  remembered  that 
putrefaction  is  prevented  by  thymol. 

*  Zeitschrift  fiir  physiol.  Chemie.,  vol.  vii,  p.  327. 
TBANa  Conn.  Aoad.,  Vou  VII.  15  Oct.,  1885. 
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ManyanoxM  chloride. 
Following  arc  the  results  obtained  with  this  salt : 

Undlirosted 
Mn(Mt.  rctldne. 

0  0*5215  gram. 

0*005  per  cent.  0*6201 

0050  0*5139 

0-100  0-5483 

0-500  0-6807 

Comparing  the  influence  of  this  salt  on  the  proteolytic  action  of 
trypsin,  with  the  results  obtained  with  the  closely  related  iron  salts, 
it  is  seen  that  the  manganese  salt  has  a  far  less  retarding  lufln- 
cnee  than  the  latter ;  a  fact  which  agrees  with  what  was  observed 
in  studying  its  action  on  pepsin-hydrochloric  acid. 

Conse(iueiitly,  manganese  salts,  in  so  far  as  they  are  adapted  to 
replace  iron  salts  as  therai>eutic  agents,  are  apparently  less  liable  to 
interfere  with  normal  digestive  action. 


Fibrin 
digested. 

ItetotlTa  proteo* 
lytle  acnoB. 

47*85  por  cont 

100*0 

47-99 

100-3 

48-61 

101-6 

46-17 

94-4 

31-93 

66-t 

Zinc 

sidphate. 

ZnS()4+7H,0. 

ITndlifOMtcd 
ri'Hlilue. 

Fibrin 
fllKfHUMl. 

RelatlTr  proteo- 
lytic action. 

0 

0-5035  jyrnra 

1.                 49-65  per 

cont 

100-0 

o*OOr)  p<T  oent. 

0-5175 

48-25 

97-2 

0025 

O-5M05 

41-95 

84*5 

0-050 

0-6802 

31-98 

64-4 

0-100 

0-8301 

10-99 

34-2 

The  action  of  this  salt  on  trypsin  is,  l)oth  in  character  and  extent, 
similar  to  its  action  on  the  amylolytic  ferment  of  saliva.  Com- 
pared with  popsin-hydrochloric  acid,  however,  the  action  of  the  salt 
is  seen  to  be  more  energetic  on  the  pancreatic  ferment. 

Jhirmtn  cJdorid^i. 
The  following  results  were  obtained : 


naci2+\in,o. 

UndlROWtocl 
ri'sKliie. 

Fibrin 
(llKt'Klt'd. 

Itol afire  proteo- 
lytic  ac\ion. 

0 

0-3710  jrram. 

62-00  per  cont 

100-0 

0-05  por  cont. 

0-3515 

6-i-S5 

1031 

0-5 

0-38>^5 

61*15 

97*2 

3-0 

0-49R6 

5014 

79-7 

Wit'  \his  salt  a  slight  acceleration  in  proteolytic  action  is  to  be 

seen  w.    V)*05  per  cent.,  while  the  larger  amounts  cause  noticeable 

retard  atio  A. 

Magnesium  sulphate. 


Mk804+7U,0. 

TlnillifCBtod 
reHldae. 

Fibrin                      Kclatlre  proteo- 
dlRCHtcd.                       lytic  action. 

0 

0-3495  grnm. 

65-05  por  cent            100-0 

0-06  por  cent. 

0-3541 

64-59                                99'3 

0*6 

0*3810 

61*90                                95*1 

3"0 

0-4706 

52*94                               81-3 
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Here  retarding  action  is  similar  in  extent  to  the  action  of 
barium  chloride.  Compared  with  zinc  sulphate,  the  difference  in 
action  on  trypsin  is  about  the  same  in  extent  as  the  difference  found 
in  the  action  of  the  two  salts  on  the  amylolytic  ferment  of  saliva. 
The  retarding  action  of  this  salt  on  pancreatic  digestion  has  been 
previously  noticed  by  Pfeiffer.* 

Potassium  permanganate. 

The  retarding  action  of  potassium  permanganate  is  very  pro- 
nounced. There  is,  however,  a  noticeable  difference  between  the 
action  of  the  salt  on  trypsin  and  its  action  on  pepsin  and  ptyalin,  the 
two  latter  being  much  more  readily  affected  by  the  permanganate ; 
that  is,  by  much  smaller  percentages. 


KsMntOg. 

0 
0-001  per  cent. 
0003 
0010 

0 
0*1 
0*6 
1-0 


Undigested 
realdae. 

0*4562  gram. 

0-4570 

0-4608 

0-4833 

0-3675 
0-4487 
0-7769 
1-0 


FibriD 
diifested. 

54*33  per  cent 

54-30 

53-92 

51-67 

63-25 

55-13 

22-31 

0 


Relative  proteO' 
lytic  action. 

100-0 

99-8 

99-1 

95-0 

1000 

87-1 

35-2 

0 


Potassium  dichromate. 


K«Crt07. 

0 
0*05  per  ceot 
0-2 
0-5 
1-0 
1-5 


UndUreated 
realdae. 

0*3978  gram. 

0-4032 

0-4245 

0-4693 

0-5525 

0*6321 


Fibrin 
digested. 

60*22  per  cent. 

59-68 

57*55 

53-07 

44-75 

36-79 


Bclativc  proteo- 
lytic action. 

100-0 

991 

95-5 

88-1 

74-3 

61-0 


The  retarding  action  of  this  salt  is  proportionally  greater  than 
that  of  the  other  potassium  salts,  indicating  that  the  acid  has  a 
specific  action  of  its  own.  Moreover,  being  an  acid  salt,  the  acid  radi- 
cal is  present  in  larger  amount  than  in  the  neutral  potassium  salts 
experimented  with. 

Potassium  cyanide. 

The  very  pronounced  acceleration  in  proteolytic  action  caused  by 
the  larger  percentages  of  this  salt  is  very  interesting,  especially  when 
we  recall  the  fact,  that  the  retarding  action  of  the  same  salt  on  the 


*  Centralbl.  med.  Wiss.,  1885,  p.  328. 
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amylolytic  ferment  of  saliva  and   on   the   proteolytio   ferment  of 
gastric  juice  was  equally  decided,  even  with  very  small  pecentagei. 


KCN. 

UDdlffetied 
residae. 

fibrin 
digested. 

ReUttv«  proleo- 
lytic  mOod. 

0 

0*2668  gram. 

73-32  per  cent. 

lOO-O 

0*005  per  cent 

0*2790 

72*10 

98*3 

0026 

0*2840 

71*60 

976 

0*050 

0-2678 

73*22 

99-8 

0100 

0*2600 

7400 

100*9 

0 

0-3675 

63*26 

100*0 

0-3 

0-2076 

79*24 

12fi-2 

0-6 

0-1985 

80*15 

12«*7 

10 

0-2697* 

7303 

116*4 

1-5 

0-3316* 

66*85 

106*6 

Potassium  ferrocyanide  and  Potassium  ferricyanide. 
With  these  two  salts  the  following  results  were  obtained : 


K4Fe(CN)6+aH,0. 

Undigested 
resldae. 

0 

0*3046  gram. 

0«005  per  cent. 

0-33G3 

0*60 

0*3293 

2*00 

0*3753 

K,Fe,(CN),, 

0*006  per  cent. 

0-3268 

0*05 

0-3370 

200 

0-3912 

Fibrin 
digested. 

RelatlT*  |»roteo 
lytic  Mtlon. 

69*56  per  cent. 

100-0 

GG-37 

95-4 

6707 

96^ 

62*47 

89-8 

67*32 

96-8 

66-30 

95-3 

60-88 

87*5 

Here,  unlike  the  cyanide,  there  is  no  acceleration  in  the  proteolytic 
action  of  the  ferment,  neither  on  the  other  hand  is  there  very  pro- 
nounced retardation;  less  indeed  than  is  produced  by  a  like  per- 
centage (2*0)  of  sodium  chloride. 

Sodium  tetraborate. 
With  this  salt  we  obtained  the  following  results : 


NatB407+WlIi 

o. 

Undlffestcd 
resldae. 

Fibrin 
digested. 

KeUtlTe  proteo- 
lytic aoUon 

0 

0-4116  gram. 

58*84  per  cent 

100*0 

006 

per 

cent. 

0-3729 

G2-71 

106*5 

0-2 

0'32G0 

G7-40 

114*6 

0-5 

0-2332 

76-G8 

130-3 

10 

018G0 

81-40 

188-3 

2-0 

0-1663 

83-37 

141.7 

30 

0-2276 

77-24 

131*2 

5-0 

0*3141 

68-59 

116*6 

*  It  was  impoesible  to  wash   iiiesG  oompletoly,   coDsequeutly  the  weights 
undoubtedly  too  high. 
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Here,  unlike  the  action  of  the  salt  on  the  two  preceding  ferments 
studied,  there  is  to  be  seen  a  gradual  increase  in  proteolytic  action, 
which  is  very  pronounced  in  the  presence  of  2  per  cent,  of  the  salt, 
then  gradually  diminishes ;  although  even  with  5  per  cent,  of  the 
crystallized  salt,  the  aotion  of  the  ferment  continues  to  be  increased 
far  above  that  of  the  normal  juice. 

Sodium  sulphate. 
Following  are  the  results  obtained  : 


Xa9S04+lUH2  0. 

Undlgeited 
resldne. 

Fibrin 
dlKested. 

Relative  proteo- 
lytic action. 

0 

0*3496  gram. 

65-05  per 

cent. 

100-0 

0-05  per  ceot. 

0-3602 

63-98 

98-3 

0-5 

0-3658 

64-42 

99-0 

20 

0-3938 

60-62 

93-1 

50 

0-4360 

56-40 

86-7 

The  retarding  action  of  this  salt  is  quite  pronounced,  although  it 
is  noticeable  that  its  retarding  action  is  not  equal  to  that  of  mag- 
nesium sulphate  nor  indeed  to  that  of  sodium  chloride.  Pfeiffer* 
has  also  noticed  the  retarding  action  of  this  salt.  Weiss,f  however, 
has  stated  that  sodium  sulphate  in  very  small  quantity  increases 
the  proteolytic  activity  of  a  pancreas  extract.  As  we  have  not 
seen  the  original  article  we  do  not  know  whether  definite  per- 
centages were  employed  or  not;  with  0-05  per  cent,  of  the  crys- 
tallized salt,  under  the  conditions  of  our  experiment,  there  was 
certainly  no  accelei'ation  in  proteolytic  action. 


Potassium  chlorate  and  Potassium  nitrate. 


KCI03. 

Undigested 
retldae. 

Fibrin 
digested. 

lielative  proteo- 
lytic action. 

0 

0-3662  gram. 

63-38  per  cent 

1000 

0  05  per  cent 

0-3991 

60-09 

94-8 

0-60 

0-3743 

62-57 

98-7 

200 

0-4101 

58-99 

930 

KNOa. 

0 

0*3710  gram. 

62-90  per  cent 

1000 

0-05  per  cent 

0-3761 

62-49 

99-3 

0-5 

0-3804 

61-96 

98-5 

20 

0-4080 

69-20 

941 

60 

0-4473 

55-27 

87-8 

♦  Loo.  cit 

f  Jahresbericht  fttr  Thierchemie,  1876,  p.  177. 
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The  effects  of  these  two  salts  on  the  proteolytic  action  of  the  fer 
mcnt  are  very  similar,  with  the  exception  that  potassium  chlorate 
appears  to  be  a  little  more  energetic  in  action  than  the  nitrate. 
Weiss*  has  stated  that  a  very  small  quantity  of  potassium  nitrate 
added  to  a  pancreas  infusion,  causes  slight  increase  in  the  proteolytic 
activity  of  the  ferment.  This,  however,  is  not  observable  in  our  ex- 
periment with  0*05  per  cent.,  although  retardation  is  very  slight. 

Potassium  chloride. 

This  salt,  unlike  sodium  chloride,  appears  to  cause  retardation  of 
proteolytic  action,  and  is  without  any  accelerating  influence  what- 
ever. The  extent  of  its  retardation,  however,  is  not  so  great  as  in 
the  case  of  sodium  chloride.     Following  are  the  results  obtained. 

rndtp-ctcd  Fibrin  Uelalive  proieo- 

KCI.  residue.  dlKCSted.  lytic  action. 

u  ():{662  ^rram.  6338  per  coiit.  100*0 

0-05  per  cviit.  0-3740  62MJ0  987 

0-5  0:i(;72  03  27  99-8 

2  0  0-4331  56-09  89*4 

5-0  0-.1723  52-77  8:h-2 

Sodium  chloride. 

With  this  suit  many  previous  experiments  have  been  tried;  Heid- 
enhjiin,t  after  noting  the  accelerating  action  of  sodium  carbonate, 
tried  the  intiuence  of  sodium  chloride  and  found  that  it  increased 
the  prott'<4ytic  j)OWur  of  the  ferment.  E.  Pfeifler,  however,  states 
that  he  found  sodium  chloride  to  exert  a  retardinix  influence  on  the 
proteolytic  action  of  the  pancreatic  ferment.  PfeiflerJ  moreover 
states  that  he  found  sodium  carbonate  to  exert  its  accelcratinc;  action 
only  when  present  in  O-.j  per  cent.,  not  in  0*24  per  cent,  as  found  by 
Ileideniiain.  Ki*eent  rusultsj^  obtained  by  us  in  another  connection, 
howc'vcr^  fully  substantiate  lluidenhain's  statements  on  this  point. 
Lastly,  Lin«lber^cer||  has  found  that  sodium  chloride,  which  in  a  neu- 
tral or  alkaline  solution  of  tryjjsin  accelerates  its  proteolytic  action, 
causes  in  an  aei<l  solution  (()-01«  per  cent.  IICI,  presumably  as  acid- 
proteid)   marked   retardation   of   ferment   action,  without,   however, 


*  Loc.  ('it. 

f  Ueitr;i)r«.'  zur  Komituiss  dos  Puncrea.^,  PHii^n.'r.s  Archiv,  vol.  x,  p.  578. 
X  I/OC.  cit. 

gChirtciidoii  aii«l  Cummins.   Aiiut.  Clicm.  Jour.,  vol.  vii,  p.   ir,-47.     Also  Trans. 
Conn.  Acad.,  vol.  vii. 

I  Juhrcsbericht  fiir  Thiorchemie,   iss::,  p.  281. 
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cansiog  destruction  of  the  ferment,  as  after  dialysis  the  ferment  was 
again  active. 

Our  results  accord  in  the  main  with  Heidenhain's ;  acceleration, 
followed  by  retardation  of  proteolytic  action  as  seen  from  the  follow- 
ing figures. 

Undlsetted  Fibrin  Relative  proteo- 

NaCl.  residae.  digested.  lytic  action. 

0  0-2993  gram.  70-07  percent.  1000 

005  per  cent.  0-2635  73-65  1051 

0-2  0-3001  69-99  99*8 

0-5  0-3372  66-28  94*5 

1-0  0-3923  60-77  867 

2-0  0-4352  56-48  80-6 

3-0  0-4361  56-39  804 

50  0-4740  52-60  750 

Potassium  bromide  and  potassium  iodide. 

The  action  of  these  two  salts  is  wholly  an  accelerating  one ;  more 
pronounced,  however,  in  the  case  of  the  bromide  than  in  the  iodide. 
Following  are  the  results  of  the  experiments : 


KBr. 

Undigested 
residue. 

Fibrin 
digested. 

Relative  proteo 
lytic  action. 

0 

0*3881  gram. 

61-19  percent 

100-0 

0-05  per  cent 

0-3773 

62-20 

101-6 

0-5 

0-3681 

63-19 

103-2 

2-0 

0-3795 

62-05 

101-4 

50 

0-3278 

67-22 

109-8 

KI. 

0 

0-3881  gram. 

61*19  percent 

100-0 

0*05  per  cent 

0-3575 

64*25 

105-0 

0-5 

0-3916 

60-85 

99-4 

3-0 

0-3897 

6103 

99-7 

Influence  of  gases  on  tfie  proteolytic  action  of  trypsin, 

Podolinski*  in  Heidenhain's  laboratory,  has  shown  that  oxygen 
gas  has  the  power  of  converting  the  zymogen  of  pancreas  into  the 
active  ferment  and  that  carbonic  acid  is  without  such  power;  more- 
over, that  carbonic  acid  added  to  a  sodium  carbonate  solution  of 
pancreatin  (trypsin)  retards  the  proteolytic  action  of  the  ferment, 
because  the  normal  carbonate  is  thus  changed  into  acid  carbon- 
ate which  does  not  favor  the  action  of  the  ferment  so  well  as  the 
simple  salt.  Hydrogen  was  found  to  be  without  such  action.  Podo- 
linski  further  found  that  while  oxygen  favored  the  conversion  of 
zymogen  into  the  ferment,  it  did  not  influence  the  proteolytic  action 

♦  Pflager*8  Archiv,  vol.  xiii,  p.  426. 
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the  ferment.  Hydrogen  was  alfK)  foand  to  be  without  marked  aokioi 
on  tlic  ferment,  but  carbonic  acid  retarded  decidedly  the  proteolytk 
action  of  tlic  ferment  in  an  alkaline  solution. 

We  have  tried  tlie  influence  of  three  gases,  such  as  the  ferment 
would  naturally  be  brought  in  contact  with  in  the  intestiual  ctnal, 
and  find  tliat  they  exeil  a  marked  influence  on  the  activity  of  Uie 
ferment.  We  employed,  as  in  the  preceding  experiments,  a  neutral 
sohition  of  trypsin,  and  kept  the  solutions  saturated  with  the  gu 
(luring  tho  experiment,  by  pasHing  a  constant  current  throagh  tbe 
Huid  contained  in  a  small  flask.  As  a  control,  air  was  passed 
througli  one  digestive  mixture,  which  served  to  keep  the  powdered 
flbriu  in  an  equal  state  of  agitation  and  thus  make  accurate  com- 
parison ])ossible. 

Following  are  the  results: 

rudifrciite<l  Fibrin  ReUtlra  protao- 

rt^nidue.  digested.  lytic  MCton. 

Air 0-4218grain.  57'82perceDt  100-0 

Hydrofoil  (II) 0-3670  63-30  lOO'l 

CarlKHiii-acul  (CO,) 0*5005  43-36  74*9 

IIy(lrop-Dsnlp]iiao(Il(S).  0*4884  51*16  88'6 

Frr)iu  til  is  it  is  seen  that  liydrogen  gas  causes  a  slight  acceleratioD 
in  the  proteolytic  action  of  the  ferment,  while  carbonic  acid  causes 
niarkod  retardation,  wliich  fact  agrees  with  Podolinski's  results,  and 
shows  nioivover,  that  the  action  of  the  gas  is  the  same  in  neutral  and 
alkaline  solutions.  Hydrogen  sulphide  also  causes  ^retardation, 
althougli  not  so  marked  iis  carbonic  acid. 

rnflftutce  of  alhiloid  salts  <ni  the  proteolytic  action  of  tryp$in, 

S<i  far  as  we  know,  no  previous  exporiinents  have  been  tried  on  this 
subji'ct.  Our  r<*sult^  show,  so  far  as  our  experiments  extend,  a  greater 
susfeptil>ility  on  the  part  of  trypsin  to  the  action  of  alkaloids  than  the 
arnylolytic  fei*ni«'nt  of  saliva.  Moreover,  with  trypsin,  the  alka- 
U>i«ls  in  only  one  case  cause  acceleration  of  proteolytic  action.  Com- 
pared  with  ])ej)sin-hydrochloric  acid,  however,  we  find  that  neutral 
solutions  of  trypsin  are  not  so  r<'adily  affected  as  the  former  ferment, 
cxeept  by  one  alkaloid,  viz:  iiarcotine,  where  retarding  action  is  very 
|)ronounced.  All  of  the  alkaloids  ex])erinientcd  with  were  id  the 
fonn  of  pure  sulphates. 

Morphine  sulphate. 

This  salt  exerts  but  little  retarding  action.  The  results  are  as 
follows : 
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l»c  .  Ht804-H(Hf  O. 

Undigested 
reetane. 

Fibrin 
digested. 

Relative  proteo- 
Ijtlc  action. 

0 

0-3875  gram. 

61*25  per  cent. 

100-0 

0-05  per  cent. 

0-3962 

60-48 

98.7 

0-6 

0-4105 

6805 

96-2 

20 

0-4542 

54-68 

89-1 

Atropine  sulphate. 
This  alkaloid  is  very  similar  to  morphine  in  its  action. 

Igested  Fibrin 

ildne.  digested. 

0*3875  gram.  61-25  per  cent. 


(At)t  •HffS04. 
0 

0-06  per  cent. 

0-6 

2*0 


Undli 
real 


0-3909 
0-4078 
0-4619 


60-91 
69*22 
53-81 


Relative  proteo- 
lytic action. 

100-0 

99-4 

96*6 

87-8 


Stoloikow*  has  stated  that  a  very  small  amount  of  atropine  sul- 
phate is  without  influence  on  the  ferment  power  of  a  glycerine  ex- 
tract of  pancreas,  but  that  large  amounts  of  the  alkaloid  salt,  con- 
siderably diminish  the  proteolytic  action  of  the  ferment. 

Strychnine  sulpTuite  and  Brucine  sulphate. 

These  two  alkaloids  produce  more  marked  effects  on  the  ferment, 
than  the  preceding.  Of  the  two,  as  the  results  show,  strychnine  is 
more  powerful  in  preventing  proteolytic  action. 


Alkaloid  salt. 

Undifrested 
residae. 

Fibrin 
digested. 

Relative  proteo 
lytic  action. 

0 

0*4511  g^am. 

64-89  per 

cent. 

1000 

(Sr),  .H,S04  +  6H,0. 

0*05  per  cent 

0*4760 

52*40 

95*4 

0-6 

0-5792 

4208 

76-6 

20 

0*6882 

3118 

56-8 

(Br),.H,S04  +  H,0. 

0*05 

0-4915 

50-86 

92-6 

0*5 

0*5480 

45-20 

82-3 

20 

0*5462 

Narcotine 

45-48 

sulphate. 

82*8 

(Na)t.Ht804+HtO. 

Undlfeated 
residae. 

Fibrin 
diKesied. 

Relative  proteo- 
lytic action. 

0 

0*4611  gram. 

54-89  per 

cent. 

1000 

0-05  per  cent. 

0-6205 

47-96 

87-3 

0-6 

0-9943 

0-67 

1-0 

20 

1-0 

0 

0 

This  alkaloid  causes  a  complete  stopping  of  proteolytic  action ; 
nearly  so,  even  when  present  to  the  extent  of  only  0-5  per  cent. 


♦  Virobow^B  Archiv,  vol.  xc,  p.  435, 
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in  the  action  of  sodium  tetraborate  on  the  salivary  ferment  and  oo 
trypsin. 

It  is  moreover,  evident,  from  a  comparison  of  the  results  obtained 
with  the  three  ferments,  that  under  the  conditions  of  dilution,  etc., 
with  which  our  experiments  were  tried,  the  salivary  ferment  is  the 
most  sensitive  to  the  action  of  the  various  salts,  while  of  the  other 
two,  trypsin  is  as  a  rule  most  readily  affected.  Still,  it  is  hardly 
possible  to  draw  a  direct  comparison  between  the  two  proteolytic 
ferments,  since  they  act  under  such  different  conditions;  the  fact 
that  pepsin  acts  only  in  an  acid  medium  and  that  both  the  strength 
and  nature  of  the  acid  affect  the  activity  of  the  ferment,  intro- 
duces an  additional  factor  which  makes  direct  comparison  in  the 
case  of  the  two  ferments  impossible.  The  possible  reason  for  the 
slight  acceleration  of  proteolytic  action  produced  by  several  neutral 
salts,  in  the  case  of  pepsin-hydrochloric  acid,  has  been  already  referred 
to;  but  why  neutral  salts,  which  in  large  percentages  show  retarding 
action,  should  in  smaller  percentages  added  to  a  tieutral  solution  of 
the  ferment  (ptyalin  or  trypsin)  produce  acceleration,  can  only  be 
conjectured.  We  might  assume  a  simple  stimuUUion  of  ferment 
action  by  mere  contact.  That  it  may  become  very  pronounced,  is 
evident  from  the  action  of  borax,  potassium  cyanide  and  potas- 
sium bromide  in  the  case  of  trypsin  and  mercuric  cyanide,  ammonium 
arsenate,  ferrous  sulphate,  potassium  chlorate,  sodium  chloridie,  tartar 
emetic,  and  alkaloid  salts  in  the  case  of  the  salivary  ferment. 

As  to  the  manner  in  which  the  various  salts  produce  retardation 
of  ferment  action,  it  would  appear  as  if  many  of  the  results  obtained, 
could  be  accounted  for  only  by  assuming,  in  addition  to  the  views 
already  offered,  a  direct  influence  in  many  cases,  either  destructive 
or  hindering,  on  the  ferment  itself. 

Those  substances,  which  are  particularly  injurious  to  animal  cells 
show  in  many  cases  no  retarding  action  whatever,  on  the  unformed 
ferments ;  this  is  particularly  noticeable  in  the  case  of  the  arsenic 
compounds,  which  affect  the  ferments  only  as  the  solutions  become 
acid.  On  the  other  hand,  certain  of  the  metallic  salts  are  alike  inju- 
rious to  both  and  doubtless  for  the  same  reason,  viz :  on  account  of 
their  power  of  combining  with  albuminous  matter,  which  fact  applies 
with  equal  force  to  the  vegetable  organisms  (organized  ferments). 
Nearly  all  germicides  act  injuriously  on  the  unformed  ferments. 
Many  salts,  however,  well  known  as  antiseptics,  are  without  injuri- 
ous action,  except  when  present  in  large  quantity;  notably  borax  in 
the  case  of  trypsin  or  boracic  acid  in  the  case  of  pepsin-hydrochloric 
acid. 


Influence  of  Tempbkatukb  on  thk  Relative  Amylolttic 
Action  of  Saliva  and  the  Diastase  of  Malt.  By  R.  IL 
Chittenden  and  W.  E.  Mabtin,  Ph.B. 

It  has  long  been  known  that  the  ferment  of  saliva  and  the  diastase 
of  malt,  differ  from  each  other  in  the  temperature  best  adapted  to 
tbeir  amylolytic  action.  Paschutin*  states  that  saliva  ten  times  dilu- 
ted, converts  starch  into  dextrin  and  sugar  most  rapidly  at  38°  lo 
41°  C,  while  the  strongest  action  of  the  malt  ferment  occurs  at  70°  C. ; 
rising  slowly  from  50°  C.  up  to  this  temperature.  According  to 
KQhne,f  the  amylolytic  action  of  salivary  ptyalin  is  most  energetic 
at  35°  C,  while  the  action  of  malt  diastase  is  most  rapid  at  66°  C. ; 
ptyalin  being  destroyed  at  60"  C.  KjeldahlJ  states  that  the  amylolytic 
power  of  diastase  rapidly  increases  with  increase  of  temperature  up 
to  4- 50*  C.  By  54°  C,  ferment  action  is  more  vigorous  than  at  50° 
C,  while  maximum  action  lies  between  -f  54°  C.  and  -f  63°  C.  Above 
+  63°  C.  amylolytic  action  rapidly  diminishes  with  increase  in  tem- 
perature. 

Exposing  diastase  for  a  long  time  to  a  temperature  below  63°  C. 
does  not,  according  to  Kjeldahl,  weaken  perceptibly  the  action  of  the 
ferment.  Higher  temperatures,  however,  cause  a  diminution  in  amyl- 
olytic power  proportional  to  the  length  of  time  the  ferment  is  heated ; 
thus  Kjeldahl  states  that  long  continued  warming  at  +66°  C.  produces 
the  same  effect  upon  diastase  as  heating  for  a  shorter  time  at  +  70°  C. 
For  the  ptyalin  of  saliva,  Kjeldahl  finds  the  temperature  most  favor- 
able for  amylolytic  action  to  be  about  +46°  C.  From  this  tempera- 
tare,  amylolytic  action  diminishes  on  both  sides,  although  somewhat 
more  rapidly  by  increase  in  temperature. 

0'Sallivan§  and  Brown  and  Heron||  have  also  studied  the  in- 
fluence of  temperature  on  the  amylolytic  action  of  malt  extract, 
more  however  with  a  view  to  ascertaining  the  relative  proportion  of 
products  (maltose  and  dextrin)  formed  and  the  nature  of  the  change 
involved,  than  any  comparison  of  the  effect  of  temperature  on  the 
energy  of  the  ferment. 


*  Quoted  by  Hoppe-Seyler,  Physioloijische  Chemie,  p.  187. 
f  Lehrbuch  der  Physiologischen  Chemie,  p.  20-21. 
X  Abfltraci  in  Jahreebericht  ftir  Thierchemie,  1879,  p.  381-383. 
§  On  the  actioQ  of  malt-ezlract  on  starch.  Journal  Chem.  Soc.,  1876,  ii,  p.  125. 
I  Beiirage  zur  Oeschichte  der  Starke  und  der  Yerwandlungen  derselben.      Liebig's 
Annalen  der  Chemie,  vol  cxcix,  p.  213.    Also  Journal  Chem.  Soc. 


1 18     Chittenden  and  Martin — Influence  of  Temperature  on  the 

Htlppe*  likewise,  has  made  a  study  of  the  effect  of  high  tempera- 
tures on  the  two  ferments,  in  manner  similar  to  the  experiments  of 
Bull,  Htifner  and  Salkowski,  not,  however,  to  ascertain  the  effects  of 
definite  temperatures  on  ferment  action,  bat  rather  to  ascertain  the 
extent  to  which  the  dry  ferments  can  be  heated  without  destroying 
their  peculiar  properties. 

It  has  been  our  purpose  to  obtain  by  quantitative  methods,  definite 
expressions  of  the  influence  of  temperature  on  the  relative  amylolytic 
action  of  the  two  ferments. 

Our  method  of  determining  amylolytic  action,  is  based  upon  the 
gravimetric  determination  of  the  cupric  oxide-reducing  power  of  the 
solution,  resulting  from  the  action  of  the  ferment  upon  starch  paste, 
according  to  the  method  of  Allihn.f  This  gives  very  concise  and 
definite  results  of  admitted  accuracy.  The  cupric  oxide-reducing 
power  of  a  solution,  resulting  from  the  amylolytic  action  of  these  two 
ferments,  must  necessarily  express  the  degree  of  intensity  of  ferment 
action,  since  the  more  energetic  the  action,  the  larger  the  amount  of 
sugar  (maltose  and  dextrose)  formed,  with  higher  reducing  power; 
while  the  weaker  the  action,  the  larger  the  Amount  of  dextrine 
with  lower  reducing  power. 

The  amylaceous  material  employed  in  the  experiments,  was  purified 
corn  starch.  In  each  experiment  1  gram  of  the  starch  was  made  into 
a  paste  with  60  c.  c.  of  boiling  water,  then  40  c.  c.  more  water  were 
added,  and  lastly,  when  everything  was  in  readiness,  10  c.  c.  of  the 
ferment  solution,  either  saliva  or  malt  extract ;  thus  making  a  volume 
of  100  c.  c.  containing  1  per  cent,  of  starch.  In  every  case,  the  fer- 
ment was  allowed  to  act  upon  the  starch  at  the  desired  temperature 
for  exactly  thirty  minutes,  when  further  ferment^action  was  at  once 
stopped  by  the  addition  of  a  definite  quantity  of  dilute  acid.  The 
ferment  being  thus  destroyed,  the  solution  was  neutralized  by  adding 
an  amount  of  sodium  hydroxide  equivalent  to  the  acid,  after  which 
the  solution  was  concentrated,  then  made  up  to  exactly  100  c.  c,  and 
in  25  c.  c,  or  one-fourth  of  the  filtered  fluid,  the  reducing  bodies  were 
determined.  From  the  weight  of  metallic  copper  so  obtained,  the 
reducing  bodies  are,  for  the  sake  of  comparison,  calculated  as  dex- 
trose, from  which  in  turn  is  calculated  the  percentage  of  starch  con- 
verted. Naturally  the  amount  of  starch  digested,  is  larger  than  the 
fiiijures  indicate,  since  the  reducing  power  of  maltose  and  the  dex- 
trius  is  much  smaller  than  that  of  dextrose,  but  the  above  method 
of  calculation  is  most  convenient  and  for  comparison  quite  sufficient. 


*  JuhreslxTicht  fiir  Thierchemie,  1881,  p.  -146.     Ueber  das  Vorhalten  UDgeformtor 
Ferine nto  gegen  hobo  Toinperaturen. 
f  Zeitschrift  fiir  Aualytiache  Cheinie,  xxii,  p.  448. 
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7%6  saliva  employed  in  the  experiments  was  filtered,  [human 
mixed  saliva,  carefully  neutralized  and  then  diluted  ;  20  c.  e.  saliva 
to  80  c.  c.  water.  As  10  c.  c.  of  this  fluid  were  used  in  each  experi- 
ment, 1  gram  of  starch  was  exposed  to  the  action  of  2  c.  c.  of  normal 
saliva  in  a  dilution  of  1:50. 

'Die  malt  extract  was  prepared  from  coarsely  ground,  malted  barley 
by  extracting  10  grams  with  200  c.  c.  water  at  40°  C.  for  3-4  hours ; 
then  filtering,  neutralizing  and  diluting  to  500  c.  c,  a  few  drops  of 
thymol  being  added  to  prevent  acid  fermentation.  The  amylolytic 
power  of  10  c.  c.  of  this  diluted  extract  was  a  little  more  than  that  of 
a  similar  quantity  of  the  dilute  saliva.  Each  series  of  expcnments, 
however,  was  made  with  different  extracts,  each  of  which  showed 
considerable  variation  in  amylolytic  power. 

A.     Amylolytic  action  cU  definite  temperatures. 

In  all  of  these  experiments,  the  90  c.  c.  of  fluid  containing  the 
starch  paste  was  brought  to  the  desired  temperature  by  immersion 
in  a  large  water-bath  carefully  regulated,  the  thermometer  being 
immersed  in  the  vessel  containing  the  starch  paste.  In  a  similar 
manner,  the  ferment  solution  was  quickly  brought  to  the  same  tem- 
perature, care  being  taken  in  the  latter  case,  that  the  fluid  did  not  go 
beyond  the  requisite  point.  When  the  temperature  became  con- 
stant, 10  c.  c.  of  the  ferment  solution  were  added  and  the  action  con- 
tinued for  thirty. minutes. 

The  results  are  clearly  expressed  in  the  following  series  of  tables : 

Sbbibs  I.* — Saliva. 


Tempenitare. 

Wt.  Ca  in  H- 

Total  amount 
redacmg  bodies. 

Starch 
converted. 

10*0. 

0*0935  gram. 

0*1904  gram. 

17*19  percent. 

20 

01227 

0*2496 

22-46 

40 

01410 

0*2872 

25-83 

50 

01003 

0*2040 

18*35 

Sebdes  n — Saliva. 

Temperature. 

wt.  Ca  In  M. 

Total  amonnt 
rednclUK  bodies. 

Stareb 
converted. 

20' C. 

O'OSOl  gram. 

0*1816  gram. 

16*34  per  cent. 

30 

0-0945 

0*1924 

17-31 

40 

01203 

0*2448 

2203 

50 

0-1419 

0*2888 

26-99 

55 

0-1129 

0-2296 

20*66 

60 

0-0451 

0*0936 

8*42 

65 

00125 

00282 

2*63 

*  It  is  of  course  nnderstood,  that  the  results  in  any  one  series  are  obtained  with  the 
same  ferment  solutioD. 
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Serisb  III. — Sauta. 


Tcm  pvTstnrv. 

Wt.  Co  In  M. 

Totikl  UBOont 
rednclDir  bodies. 

Stareb 
coDTertcd. 

20° 

c. 

0*1177  gram. 

0*2396  gram. 

21-56  per  omit 

30 

01273 

0-2592 

23-32 

40 

01285 

0-2616 

23-54 

45 

01174 

0-2392 

21*52 

50 

01131 

0-2300 

20*70 

55 

0-1029 

0-2092 

18-82 

60 

0-0883 

01800 

16*16» 

65 

0-0354 

00748 

6-73 

70 

0-0017 

Series  IV 

. — Saliva. 

Temperatun*. 

wt.  Cn  In  M- 

Total  amooot 
rednclDir  hodiet. 

BUreh 
converted. 

25" 

c. 

00748  pram. 

0-1528  gram. 

13-75  percent 

30 

O08l»7 

0*1828 

1645 

40 

0-1070 

0-2180 

19-62 

45 

0-091)0 

0-2016 

18.18 

50 

00806 

01644 

14-79 

55 

00715 

01460 

13.U 

60 

0  0278 

00596 

5-36 

65 

00142 

Series  V. 

00328 
—Saliva. 

2-96 

Tcniprriitnri». 

wt.  Co  In  M. 

Total  amonnt 
rcducintc  bodtm. 

SUrcb. 
conToned. 

40* 

c. 

0-10G2  pram. 

0-2164  gram. 

19-47  percent 

2 

0  0611 

01252 

11-33 

Skrif:})  VI. — M.vLT  Extract. 


Tempcratiin'. 

Wt.Culn  H- 

Total  amount 
reducliiff  hnttleo. 

SUrch 
conrerted. 

:m'  C. 

0-i:i74  jfrain. 

0-2800  frram. 

25.20  per  cent 

40 

01 520 

0-3100 

27-90 

50 

0-1  GOG 

0-3280 

29-52 

GO 

0-1408 

0-2864 

25-77 

70 

0-0544 

0-1124 

1011 

80 

0-0127 

0-0206 

2-66 

Series  VI  I. - 

-Malt  E-xtkact. 

Tcmperatnn'. 

wt.  Cn  In  H- 

Total  .iinonnt 
ri>duclnic  l»odlr!». 

Starrh 
converted. 

:j5'  C. 

01 573  gram. 

0-3208  gram. 

28-87  per  cent 

45 

0-1552 

0-3108 

28-51 

50 

0-1575 

0-3212 

28-90 

55 

0-1617 

0-3300 

29.70 

65 

0-0585 

01200 

10-80 

76 

00366 

0-0768 

6-91 

*  See  remarks  further  on,  in  regard  to  this  high  resnlt 
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Series  VIII.- 

—Malt  Extractt. 

TemperBtare. 

WtCnlnJtf. 

Total  amount 
reducing  bodies. 

Starch 
converted. 

30- 

C. 

01301  gram. 

0*2648  gram. 

23-83  per  cent 

40 

01411 

0-2996 

26-96 

45 

01542 

03148 

28-33 

50 

01488 

0-3036 

27*31 

55 

01320 

0-2688 

24-19 

60 

0-0691 

0*H12 

12-70 

65 

0-0654 
Series  IX.— 

01340 
-Malt  Extract. 

1206 

Temperature. 

Wt.  Cn  in  )i. 

Total  amount 
reducing  bodies. 

Starch 
conyerted. 

30' 

C. 

0-1283  gram. 

0-2612  gram. 

23-50  per  cent. 

35 

0-1436 

0-2924 

26-31 

40 

0150t 

0-3072 

27-64 

45 

0-1662 

0-3188 

28-69 

48i 

0-1673 

0-3208 

28-87 

50 

0-1588 

0*3244 

29-19 

55 

01445 

0-2944 

26-45 

60 

00742 

0*1516 

13-64 

65 

0-0561 
Series  X.— 

01152 
-Malt  Extract. 

10-36 

Temperatore. 

wt.  Cn  In  M- 

Total  amount 
reducing  bodies. 

Starch 
converted. 

40' 

c. 

0*1419  gram. 

0-3042  g^m. 

27*36  percent 

2 

00299 

0-0636 

5-72 

By  a  study  of  these  results,  it  is  evident  that  in  the  case  of  the 
salivary  ferment,  variations  in  amylolytic  action  are  not  very  great 
between  the  temperatures  of  20"  and  50**,  or  even  65°  C.  With  the 
temperatures  experimented  with,  however,  amylolytic  action  appears 
to  reach  its  maximum,  in  the  case  of  saliva,  at  40**;  although  in  one 
single  instance,  for  some  unaccountable  reason  it  appeared  to  be 
greater  at  50°  C.  With  the  diastase  of  malt  on  the  other  hand, 
amylolytic  action  reaches  its  maximum  at  50°  C,  although  in  one  in. 
stance  it  appeared  somewhat  greater  at  55*  C;  great  variations,  how- 
ever, are  not  to  be  observed  between  the  temperatures  of  30*  and  55° 
C.  Brown  and  Heron,*  working  with  extract  of  malt  and  pure  potato 
starch  at  different  temperatures,  obtained  results  by  determination  of 
both  specific  rotary  power  and  cupric  oxide-reducing  power,  which 
point  to  the  same  conclusions  as  those  obtained  by  us.  Thus  at  40°  C, 
the  malt  extract  having  been  previously  heated  at  the  same  temperature 
for  20  minutes,  these  investigators  found  at  the  end  of  30  minutes,  as 


♦  Liebig's  Annalen  der  Ghemie,  vol.  cxcix^  p.  221.     Also  Journal  Chem.  Soc.,  1879 

TRANa  COHN.  AOAD.,   VOL.  VII.  17  OCT.,    1885. 
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a  result  of  the  action  of  the  malt  extract  on  the  starch  (ai;=168'8^ 
while  at  50°  C.  under  the  same  conditions  (a)j  =  162-7**  and  at  60®  C. 
{a)j  =  164*1°,  or  in  a  second  experiment,  (a)j  =  163'7®.  These  re- 
sults show  at  50°  C.  the  formation  of  a  little  more  maltose  than  at 
40°,  although  the  diffierence  is  very  slight;  while  at  60®  C.  the  amount 
of  maltose  formed,  is  less  even  than  at  40^  C.  Evidently  then,  the 
maximum  amylolytic  action  of  diastase  of  malt  takes  place  at  tem- 
peratures far  below  60°  C;  even  below  55°  C. 

At  very  low  temperatures,  there  is  a  corresponding  difference  in 
the  action  of  the  two  ferments,  as  is  apparent  from  the  results  ob- 
tained at  2°  C;  the  ferment  of  saliva  being  comparatively  far  more 
active  at  this  temperature  than  the  ferment  of  malt. 

Hence  it  is  apparent  throughout,  that  diastase  requires  a  higher 
temperature  than  the  salivary  ferment,  in  order  to  act  with  equal 
vigor ;  at  the  same  time  it  is  evident  that  at  the  body  temperature,  say 
40®  C,  the  difference  in  action  between  the  two   ferments   is   not 
very  great.     At  80°  C.  the  diastase  of  malt  still  acts  upon  starch, 
although   only  slightly ;  the  salivary  ferment,  however,  under  the 
conditions  of  our  experiments,  does  not  act  at  all  at  70°  C.  and  only 
slightly  at  65°  C.     With  these  higher  temperatures,  it  makes  con- 
siderable difference  in  the  ultimate  result,  whether  the  ferment  solu- 
tion  is   quickly   brought  to   the   desired   temperature  or  not,  and 
whether  it  remains  long  at  tlie  temperature  in  question,  before  being 
added  to  the  starch  solution.     Thus,  in  the  action  of  saliva  at  60®  C, 
if  the  ferment  be  warmed  quickly  to  nearly  60°  C,  say  59°  C,  and 
then  added  to  the  starch  paste  at  61°  C,  as  was  done  in  the  case  of 
Series  111,  amylolytic  action  is  considerably  greater  than  when  the 
saliva  is  actually  brought  to  60°  and  kept  there  for  a  moment  or  80 
to  be  sure  of  its  constancy.     Some  variation  in  the  length  of  time, 
required  to  bring  the  ferment  solution  to  the  desired  temperature, 
was  unavoidable,  and  doubtless,  slight  variations  in  the  results  at 
higher  temperatures,  occur  from  this  cause.     It  was  not,  however, 
our  purpose  at  this  time,  to  heat  the  ferment  in  order  to  induce  a 
change  in  its  character,  but  simply  to  prevent  any  alteration  in  the 
temperature  of  the  starch  mixture  on  addition  of  the  ferment,  so 
that  the  action  of  the  ferment  on  the  starch  might  take  place  at  a 
constant  temperature. 
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17ie  eff'ecta^  on  amylolytic  action^  of  exposing  the  ferment  of  saliva  to 
different  temperatures  for  varying  lengths  of  time. 

Brown  and  Heron*  state  that  a  malt  extract,  warmed  quickly  to 
66^  C.  and  then  added  at  once  to  starch  paste  at  the  same  temperature, 
differs  but  little,  in  the  first  stages  of  its  action,  from  a  malt  extract 
heated  at  60®  C;  if,  however,  the  malt  extract  be  warmed  for  say  10 
or  15  minutes  at  this  temperature,  previous  to  adding  it  to  the  starch 
paste,  its  amylolytic  action  is  very  much  weakened.  Evidently  then, 
under  the  influence  of  the  increased  temperature,  a  portion  of  the  fer- 
ment is  destroyed  or  else  changes  are  induced,  by  which  the  action  of 
the  ferment  is  modified.  Results  of  like  nature  were  previously 
obtained  by  0'Sullivan,t  with  malt  extract. 

With  saliva,  we  have  tried  the  following  experiments,  designed 
originally  to  throw  light  on  the  comparative  destructibility  of  the 
ferment. 

Series  XL — Saliva. 

The  saliva  was  exposed  to  the  designated  temperature  for  the  speci- 
fied time,  then  added  to  the  starch  paste  at  the  same  temperature  and 
its  amylolytic  power  determined. 

Time  of  Total  unomit  Starch 

Temperature.        expoaore.  Wt.  Cn  in  M-         reducing  bodies.  converted. 

60*  C.  Omin.  0'0409  gram.         00852  gram.  7  66  per  cent. 

60  15  0-0213  0  0464  417 

60  30  0-0210  0-0460  414 

At  60°  C.  therefore,  the  coagulating  point  of  albumin  and  the  tem- 
perature at  which  ptyalin  is  supposed  to  be  destroyed,  it  is  apparent 
that  destruction  of  the  ferment  is  not  complete  even  by  30  min- 
utes exposure  to  this  temperature.  The  peculiarity  of  the  results, 
moreover,  make  it  doubtful  whether  we  have  to  do  with  destruction 
at  all.  If  the  redaced  amylolytic  action  is  due  to  simple  destruc- 
tion of  the  ferment,  we  should  expect  less  ferment  action  after  30 
minutes  exposure  than  after  15  minutes;  as  it  is,  the  action  in  the  two 
cases  is  the  same.  A  certain  time,  however,  is  required  to  produce 
the  change  in  the  character  of  the  ferment.  Similar  results  are 
shown  in  the  following  series  of  experiments,  conducted  in  the  same 
manner  as  the  preceding,  only  at  different  temperatures. 


♦  Loc.  cit.,  p.  227.  f  Loc.  cit.,  p.  143. 
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SsBiBs  XII.— Saliva. 

Tcmperatnre. 

Time  of 
ezpocore. 

Wt.  Cn  In  H- 

Total  unoiiDt 
redndnff  bodle§. 

Starch 
conTert«d. 

60*^0. 

ISmin. 

00773  gram. 

0*1576  gram. 

]4'18  percent 

50 

60 

00765 

01560 

1404 

65 

30 

00474 

0-0984 

8*85 

65 

60 

0-0414 

0-0864 

7£1 

Comparing  these  results  with  those  obtained  at  like  temperatures 
in  ISeries  I.-IIL,  it  is  seen  that  a  few  minutes  exposure  at  the  desig- 
nated temperature^  lowers  materially  the  amylolytic  power  of  tbe 
solution,  while  doubling  the  time  of  exposure  does  not  materially 
affect  the  result ;  a  fact  which  is  not  consistent  with  the  view  that 
diminution  in  amylolytic  power,  under  these  conditions,  is  due  to 
gradual  destruction  of  the  ferment. 

The  following  series  of  experiments,  also  with  saliva,  throw  ad- 
ditional light  on  the  action  of  high  temperatures  on  this  ferment 
In  these  two  series,  the  saliva  was  exposed  to  the  designated  temper- 
ature for  the  specified  time,  then  cooled  to  40**  C.  and  added  to  the 
starch  paste  (ft  a  like  temperature. 


Series  XIII. — Sauva. 


Temperature. 

Time  of 
exposure. 

Wt.  Cu  In  H- 

Total  amount 
reducing  bodlea. 

Storch 
conrerted. 

40^ 

C. 

0  min. 

0  1081  gram.         0*2200  gram. 

19'80  percent 

50 

30 

0-1026 

0-2088 

18-79 

55 

30 

0-0986 

0-2008 

1807 

<>o 

30 

00279 
Series  XIV.— 

0-0596 

Saliva. 

5-36 

Temperature. 

Time  of 
exposure. 

wt.  Cu  In  \i' 

Total  amount 
reducing  bodies. 

Starch 
converted. 

40" 

C. 

0    min. 

01062  gram 

0-2164  gram. 

19-47  percent. 

55 

180 

0-0798 

0-1628 

1466 

It  would  appear  from  these  results,  that  by  exposure  of  the  saliva 
to  50**  or  55**  C,  in  the  latter  case  for  even  3  hours,  and  then  cooling 
to  40°  C.  and  testing  the  amylolytic  power  of  the  ferment  at  that 
temperature,  less  diminution  of  ferment  action  is  to  be  observed. 
This  speaks  still  more  strongly  against  destructive  action,  by  simple 
coagulation,  and  at  the  same  time  suggests  that  not  only  does  expos- 
ure to  say  55°  C.  affect  the  character  of  the  fei-raent,  but  also  that  the 
action  of  the  ferment  so  treated,  is  in  a  given  time  different  at  that 
same  temperature  from  what  it  is  at  40°  C,  or  the  temperature  of 
maximum  action.  This  latter  point,  however,  which  is  contrary  to 
the  law  laid  down  by  Brown  and  Heron*  for  malt  extracts  at  tern- 


Liebig'fl  Annalen  der  Chemie,  vol.  cxcix,  p.  221.     Also,  Journal  Chem.  Soc,  1879. 
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peratures  above  50°  C.  we  reserve  for  further  investigation.  Owing 
to  the  great  difficulty  in  rendering  saliva  perfectly  neutral,  it  is  possi- 
ble that  the  observed  low  result  at  55°  C.  in  Series  XII.  may  be  due 
to  the  presence  of  a  trace  of  either  acid  or  alkaline  carbonate. 

Finally,  it  is  to  be  observed  that  the  majority  of  the  results  ob- 
tained, indicate  that  the  influence  of  different  temperatures,  on  the 
amylolytic  action  of  the  salivary  ferment,  is  due  rather  to  change  in 
the  character  of  the  ferment,  than  to  the  direct  influence  of  the 
various  degrees  of  heat  upon  the  cleavage  of  the  starch  molecule ; 
similar  in  character  to  that  indicated  by  the  work  of  O'SulIivan,  and 
also  of  Brown  and  Heron  in  the  case  of  malt  diastase. 


Influence  of  Bile,  Bile  Salts  and  Bile  Acids  on  Amtlo- 
LYTic  AND  Proteolytic  Action.*  By  R.  H.  Chittenden  and 
Geo.  W.  Cummins,  Ph.B. 

The  influence  of  bile  and  bile  acids  on  the  digestive  processes  of  the 
intestinal  canal  has  long  been  considered  an  important  one,  still  few 
experiments  have  been  made  to  determine  the  exact  influence  of  these 
substances  by  themselves  on  ferment  action.  The  form  in  which  the 
main  constituents  of  the  bile  exist  in  the  intestinal  canal  depends 
naturally  upon  the  reaction  of  the  contents  of  the  intestines.  If 
these  have  an  acid  reaction,  bile  acids  must  be  present ;  if  alkaline, 
salts  of  these  acids ;  and  it  is  fair  to  presume  that  under  these  two 
conditions  the  presence  of  bile  may  be  productive  of  different  eflfectfl 
on  ferment  action.  Recorded  observations  tend  to  show  that  ordi- 
narily the  contents  of  the  intestines  possess  a  distinct  acid  reaction  ; 
thus  Schmidt-Mtilheimf  has  found  that  in  dogs  fed  on  albuminouB 
matter,  the  contents  of  the  small  intestines  are  invariably  acid, 
although  the  mucous  membrane  sometimes  possesses  an  alkaline  reac- 
tion. It  is  evident  that  in  such  cases  the  alkali  of  the  bile  must 
have  combined  with  the  acid  of  the  chyme,  which  would  be  followed 
by  liberation  of  the  bile  acids  and  partial  precipitation  of  the  same 
in  combination  with  the  proteid  matters  of  the  chyme.  Moreover, 
the  recorded  observations  of  Schmidt-Mulheim  tend  to  show  that 
this  acid  condition  of  the  contents  of  the  intestines  persists  through* 
out  the  entire  length  of  the  intestinal  canal.  UffelmannJ  has  like- 
wise found,  in  corroboration  of  the  above,  that  the  faeces  of  infants 
naturally  nourished  possess  a  weak  acid  reaction,  while,  on  the  other 
hand,  Nothnagel,§  as  a  result  of  800  observations,  finds  that  human 
excrement,  in  the  case  of  adults,  varies  decidedly  in  its  reaction, 
being  generally  alkaline,  more  rarely  acid  or  neutral.  It  is  hardly 
proper,  therefore,  to  conclude  that  it  is  only  necessary  to  study  the 


*  Also  published  in  the  American  CheraicHl  Journal,  vol.  vii,  p.  36. 
f  Archiv  fiir  Physiologie,  DuBois  Rejmond,  1879,  p.  56. 
X  Jahresbericht  fur  Thierchemie,  1881,  p.  306. 
§  Jahresbericht  fiir  Thierchemie,  1881,  p.  309. 
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iDfluence  of.  the  bile  acids  in  their  free  condition  on  ferment  action, 
since  in  the  passage  of  the  ferments  through  the  intestinal  canal 
there  are  times,  doubtless,  when  the  reaction  of  the  mass  is  more  or 
less  alkaline,  especially  in  the  small  intestines,  for  some  distance  be- 
yond the  opening  of  the  bile  and  pancreatic  ducts.  In  either  case  it 
is  an  interesting  point  to  ascertain  whether  the  bile  salts  have  an 
action  at  all  analogous  in  kind  or  extent  to  that  of  the  free  acids. 

Many  observations*  are  recorded  concerning  the  duodenal  precip- 
itate formed  in  the  duodenum  by  the  action  of  bile  on  the  acid-re- 
acting chyme.  The  precipitate  itself  has  generally  been  supposed 
to  consist  of  a  mixture  of  syntonin,  peptone  and  bile  acids,  but  recent 
experiments  of  Maly  and  Emichf  with  pure  bile  acids  tend  to  show 
that  only  the  non-peptonised  albuminous  bodies  are  precipitated,  viz  : 
coagalable  albumin  and  syntonin,  and  these  only  by  taurocholic  acid, 
while  peptone  and  "  propeptone"  remain  in  solution.  This  fact  lends 
favor  to  the  view  advanced  by  Hammarsten,  that  the  object  of  the 
precipitation  of  albuminous  matter  on  the  walls  of  the  intestines 
ie  to  prevent  its  too  rapid  passage  through  the  intestinal  canal,  thus 
giving  ample  opportunity  for  the  action  of  the  pancreatic  juice. 

The  addition  of  taurocholic  acid  to  a  solution  of  peptone,  Maly 
and  Emich  find,  is  followed  by  the  formation  of  a  distinct  opal- 
escence or  fine  dust-like  precipitate,  slowly  changing  to  fine  droplets. 
This  precipitate,  however,  which  is  doubtless  the  same  as  observed 
by  Hammarsten  and  Brdcke  on  the  addition  of  bile  to  portions  of  a 
digestive  mixture,  does  not  contain  according  to  Maly  and  Emich, 
any  peptone,  but  consists  of  taurocholic  acid,  possibly  in  a  modified 
form. 

Both  of  these  precipitations,  however,  would  tend  to  mechanically 
throw  down,  to  a  greater  or  less  extent,  any  ferment  present,  and 
thus  diminish  ferment  action  ;  but,  as  Maly  points  out,  the  main 
reason  for  a  diminished  action,  in  the  case  of  pepsin,  is  to  be  sought 
for,  not  in  a  precipitation  of  the  ferment,  but  in  the  formation  of  a 
compound  of  albumin  with  the  bile  acid,  not  digestible  by  pep- 
sin-hydrochloric acid.  But  since  this  precipitation,  as  a  normal  reac- 
tion in  the  animal  body,  must  take  place  in  the  intestinal  canal,  it  is 
equally  important  to  ascertain  the  extent  of  its  digestibility  in  pan- 
creatic juice,  or,  in  other  words,  to  ascertain  the  exact  influence  of 
bile  and  its  several  constituents  on  the  proteolytic  action  of  trypsin 


♦  See  Maly  iu  HermaQo's  Uandbuch  der  Physiologie,  vol.  v,  p.  180. 
f  Monatshefte  fOr  Chemie,  vol.  iv,  p.  89. 
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as  well  as  on  the  action  of  pepsin  and  on  amylolytic  action.  Tli 
only  data  bearing  on  these  points  are  the  recent  experiments  of  Mil 
and  Emich,  who  have  found  that  0*2  per  cent,  taurocholic  acid  hii 
ders  the  digestive  action  of  pepsin-hydrochloric  acid,  while  1  p< 
cent,  of  glycocholic  acid  is  without  influence.  The  same  investigatoi 
likewise  state  that  O'l  per  cent  taurocholic  or  glycocholic  acid  sto] 
the  amylolytic  action  of  the  pancreas  ferment,  and  that  0*2  per  ceo 
taurocholic  acid  or  1  per  cent,  glycocholic  acid  will  completely  st( 
the  amylolytic  action  of  the  salivary  ferment. 

Our  ex])erimcnts  on  this  subject  were  commenced  before  the  aboi 
results  wei*e  published,  and  we  have  continued  them,  since  we  wishi 
to  ascertain  likewise  the  influence  of  the  bile  salts,  and  also  the  effec 
of  both  salts  and  acids,  as  well  as  the  bile  itself,  on  the  proteolyt 
ferment  of  the  pancreas.  The  results  of  Maly  and  Emich,  moreovc 
not  being  quantitative,  do  not  express  the  relative  eflbcts  of  tl 
various  percentages  of  bile  acids  used,  but  simply  the  percentage 
acid  necessary  to  stop  ferment  action  under  the  conditions  d 
scribed  by  them. 

1. — Influence  oti  Amylolytic  Action. 

As  amylolytic  ferment,  we  have  employed  filtered  human  mix< 
saliva  made  neutral  and  then  diluted  to  a  known  volume.  In  stud 
ing  the  influence  of  the  various  percentages  of  bile  salts  and  aci< 
on  the  action  of  the  ferment,  we  have  used  a  digestive  mixture  (' 
or  100  cc.)  containing  1  per  cent,  of  starch  previously  boiled  wil 
water,  and  2  per  cent,  of  saliva,  together  with  the  given  percen 
aixes  of  bile  salts  or  acids.  The  extent  of  diastatic  or  amylolyt 
action  under  the  varvin<?  conditions  was  determined  in  each  case  I 
estimating  the  amount  of  reducing  substances,  maltose  and  dextrofl 
formed  <luring  :iO  minutes  warming  at  40"  C.  Further  diastat 
action  was  at  once  stopped  by  boiling  the  digestive  mixture 
after  which  they  were  diluted  to  a  known  volume,  and  the  redu 
ing  substances  determined  in  a  given  portion  of  the  diluted  flui 
by  Allihn's  gravimetric  method.*  The  reducing  substances  ai 
in  each  instance  calculated  as  dextrose,  and  the  diastatic  action 
expressed  in  the  percentage  of  starch  converted  into  sugar. 

We  first  tried  the  influence  of  crystallized  ox  bile,  since  bile  itse 
contains  a  small  amount  of  a  diastatic  ferment.  A  1  per  cent,  sol 
tion  of  nicely  crystallized  ox  bile  was  made,  with  which  the  followin 
results  were  obtained  : 


*  Zeit<<».*lirit't  lur  analytische  (Jheinie,  xxii,  4-18. 
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CrivuIUxed 
bile. 

Wt.  Co  In  H.* 

ToUl  amonut 
redoclng  bodies. 

SUrch 
converted. 

0    per  cent 

0*0643  ffraro. 

0*2636  gram. 

23*72  percent. 

0*01 

00630 

0-2584 

23-25 

002 

0-0686 

0*2804 

25*23 

003 

00693 

0-2836 

26*52 

005 

00656 

0-2688 

24*19 

010 

00734 

0*3000 

2700 

0-20 

00665 

0-2724 

24-51 

0-35 

00447 

0*1860 

16-74 

Here  it  is  plain  that  a  mixture  of  sodium  glycocholate  and  tauro- 
cholate,  in  sach  proportion  as  they  are  contained  in  crystallized  ox 
bile,  exerts  no  appreciable  retarding  influence  on  amylolytic  action 
until  present  to  the  extent  of  0*36  per  cent.  On  the  contrary, 
smaller  percentages  unmistakably  tend  to  increase  tlie  diastatic 
action  of  the  ferment.  The  solution  of  crystallized  bile  had,  how- 
ever, a  slight  acid  reaction,  and  possibly  this  may  have  had  some  in- 
fluence in  giving  the  latter  results.  The  saliva  and  starch  were  both 
neutral. 

Experiments  were  next  tried  with  sodium  taurocholate  alone,  and 
also  with  sodium  glycocholate.     Following  are  the  results : 


Sodlmn 
tnnrocbolate. 

wt.  Cn  m  M. 

ToUl  amount 
reducing  bodies. 

SUrch 
converted. 

0  per  cent. 

0-0787  gram. 

0*3212  gram. 

28*90  per  cent. 

0-3 

0-0030 

0-0146 

1-51 

0*5 

0-0023 

0*0112 

1-00 

Sodium  glycocholate. 

0-5 

00783 

0*3196 

28-76 

It  is  thus  plainly  evident  that  sodium  taurocholate  has  a  very 
decided  action  on  the  amylolytic  ferment  of  saliva,  while  the  same 
percentage  of  glycocholate  is  entirely  without  effect.  The  retarding 
action  of  crystallized  bile  is  thus,  without  a  doubt,  due  wholly 
to  the  taurocholate.  Moreover,  even  smaller  percentages  of  sodium 
taurocholate  retard  amylolytic  action  with  almost  equal  energy. 

The  following  results  were  obtained  under  like  conditions  as  the 
preceding,  except  that  the  2  per  cent,  of  saliva  employed  was  not 
neutralized. 


Sodlnm 
taoroehotete. 

wt.  Cq  In  )i. 

Total  amount 
rednclng  bodies. 

Starcb 
converted. 

0    per  cent 

0-0690  g^m. 

0*1212  gram. 

21-81  percent 

014 

0-0079, 

00192 

3-45 

Sodium  glycocholate. 

020 

0-0768 

0-1548 

27-86 

*  One-eighth  of  the  entire  digestive  mixture. 
Trajis.  Cohk.  Aoab.,  Vol.  Vn.  18  Oct.,  1885. 
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Thus  eveu  ()'14  per  cent,  ol*  sodium  taurocholate  under  thefli 
conditions  almost  entirely  stops  amylolytic  action.  The  smaller  pei 
centage  of  glycocliolate,  however,  causes  the  same  increased  amy] 
olytic  action  observed  with  the  smaller  percentages  of  crystallixec 
bile. 

With  the  bile  acids  the  following  results  were  obtained.  Thi 
glycocholic  acid  used  was  a  nicely  crystallized  specimen  preparec 
from  ox  bile,  while  the  taurocholic  acid,  prepared  from  the  sanu 
source,  was  amorphous : 


Per  cent. 
Mlu  uold. 

Wt.  Cu  In  M. 

ToUI  ftmoont 
redaclDR  bodies. 

SUreh 
cooTerted. 

0 

0-0694  gram. 

0*1420  gram. 

26*66  percent 

00 1  taurocholic. 

0-0753 

0-1538 

27-68 

005 

00783 

01598 

28-76 

o-io 

0-0060 

0-0146 

2-63 

0-20 

0 

0*05  glycocholic. 

00523 

01082 

19-47 

010 

0-0095 

0-0234 

4*21 

0-20 

0-0056 

00136 

2-44 

0-50 

trace 

1-00 

0 

It  IB  thus  seen  that  0*1  per  cent,  taurocholic  acid  prevents  amylol] 
tic  action  almost  entirely,  while  0*2  per  cent,  does  not  allow  the  coi 
vorsion  of  any  starch  into  sugar.  This  agrees  exactly  with  th 
results  obtained  by  Maly  and  Emich.*  Tliese  same  investigaton 
liowever,  found  only  a  trace  of  amylolytic  action  in  the  presence  ( 
0*05  per  cent,  taurocholic  acid;  a  result  which  does  not  agree  wit 
wliut  we  have  found,  working,  liowever,  under  somewhat  difTerei 
conditions. 

The  presence  of  1*0  per  cent,  glycocholic  acid  entirely  prevent 
the  conversion  of  starch  into  sugar,  while  0*5  per  cent,  allows  onl 
tlie  smallest  amount  of  diastatic  activity.  Maly  and  Emich  likewifl 
found  that  1  '0  per  cent,  of  glycocholic  acid  stopped  the  diastati 
action  of  saliva. 

We  have  repeated  the  last  series  of  experiments  in  part,  usinf 
however,  normally  alkaline  saliva  instead  of  neutralized. 


Pt^r  cent, 
bllo  acid. 

Wt.  Cu  In  M- 

Totnl  amount 
reducinK  bodies. 

SUrch 
converted. 

0 

0-0590  gram. 

0-1212  gram. 

21-81  per  cent 

0*1  glycocholic. 

00107 

0-0258 

4-64 

0-2 

00057 

0-0139 

2-60 

0-1  taurocholic. 

0-0062 

0-0126 

2-26 

♦  Loo.  cit. 

,  p.  118. 
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These  results  agree  exactly  with  the  preceding,  and  both  together 
plainly  show  that  only  small  percentages  of  bile  acids  are  required 
to  entirely  prevent  the  amylolytic  action  of  saliva.  Assuming  that 
the  amylolytic  ferment  of  the  pancreatic  juice  is  similar  in  its  nature 
to  the  ferment  of  saliva,  it  would  follow  from  our  experiments  that 
whether  the  contents  of  the  intestines  are  acid  or  alkaline,  the  pres- 
ence, beyond  a  certain  percentage,  of  taurocholic  acid,  either  as  free 
acid  or  as  a  taurocholate,  would  tend  to  diminish  amylolytic  action. 
Very  small  percentages,  however,  would  have  little,  if  any,  retarding 
effect,  indeed  might  increase  amylolytic  action.  As  to  glycocholic 
acid,  the  free  acid  is  much  more  powerful  in  its  action  on  the  amylo 
lytic  ferment  than  the  sodium  salt  of  the  acid. 

Considering  these  results  in  the  light  of  a  possible  application  to 
changes  in  the  intestinal  canal,  it  becomes  an  interesting  point  to 
ascertain  whether  bile  itself  exerts  the  same  influence  on  amylo- 
lytic action  as  the  bile  salts.  Moriggia  and  Battistini  *  state  that 
while  bile  mixed  with  chyme  gives  a  precipitate  which,  among  other 
things,  contains  mucin,  bile  acids  and  pepsin,  thus  hindering  gastric 
digestion,  it  does  not,  on  being  mixed  with  saliva,  hinder  its  amylo- 
lytic action.  This  they  found  to  be  the  case  both  with  bile  contain- 
ing mucin  and  with  bile  from  which  the  mucin  had  been  removed 
by  acidifying.  We  have,  therefore,  made  the  following  experiments 
with  fresh  ox  bile  containing  7*46  per  cent,  of  solid  matter.  The 
digestive  mixtures  contained  as  before  1  per  cent,  of  starch,  2  per 
cent,  of  neutral  saliva,  and  were  warmed  at  40°  C.  for  30  minutes  : 


Ox  bile. 

Wt.  Cn  in  M. 

Total  amount 
reducing  bodies. 

Starch 
converted. 

0  per  cent 

0-0753  gram. 

0-3072  gram. 

27-64  percent. 

2-0 

0-0876 

0-3568 

3211 

60 

0-0690 

0-2824 

25-41 

100 

00719 

0-2944 

26-50 

200 

00770 

0-3144 

28-30 

Here  in  close  accord  with  what  has  been  found  before,  the  presence 
of  a  small  percentage  of  bile  causes  increased  amylolytic  action; 
larger  percentages,  however,  have  little,  if  any,  effect ;  certainly  not 
such  an  effect  as  would  be  expected  from  the  known  action  of  the 
bile  salts.  The  bile  itself  possessed  to  a  slight  extent,  diastatic 
action;  20  c.  c.  of  the  bile  (20  per  cent.)  converting  4*53  per  cent. 
of  the  starch  into  sugar  in  30  minutes.  This,  however,  could  hardly 
account  for  the  increased  amylolytic  action  noticed  above  in  the  pres- 


*  Jahresbericht  fiir  Thierchemie,  1876,  p.  196. 
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ence  of  2  per  cent,  of  bile.  Wittich*  and  also  Hofmanu  have  noticed 
the  occasional  diastatic  action  of  bile,  Wittich  even  extracting  the 
ferment  from  human  bile  by  his  glycerine  method.  Qianazzi  and 
Bufalinif  have  shown  that  t*he  action  varies  considerably  in  bile 
from  different  animals  and  individuals,  and  without  any  apparent 
dependence  upon  the  nature  of  the  food.  Ewald^  states  that  the 
diastatic  capacity  of  bile  appears  to  be  slight  in  all  cases,  and  is  not 
found  in  bile  which  has  stood  for  some  time.  We  have  found,  how- 
ever, in  bile  from  several  animals  considerable  diastatic  power;  thus 
in  one  sample  of  fresh  sheep's  bile,  25  c.  c.  (26  per  cent.)  converted 
24-33  per  cent,  of  starch  into  sugar  in  30  minutes  at  40°  C.  We  have 
likewise  found  great  variation  in  diastatic  power,  varying,  expressed 
in  the  percentage  of  starch  converted  into  sugar  under  the  conditions 
described,  from  4  to  24  in  the  case  of  herbivorous  animals.  We 
have  also  noticed  in  bile  from  sheep  and  oxen  the  presence  of  a 
small  amount  of  sugar,  or  at  least  a  substance  capable  of  reducing 
Fehling's  solution.  In  one  instance  the  amount  was  not  inconsidei^ 
able ;  25  grams  of  ox  bile  yielding,  by  Allihn's  method,  0*040  gram 
metallic  copper,  equal  to  0*0209  gram  dextrose  or  0*08  per  cent. 
Naunyn,  we  believe,  has  already  claimed  the  presence  of  sugar  in 
bile. 

While  we  know  then  that  bile  acids  and  bile  salts  by  them- 
selves retard  very  decidedly  the  amylolytic  action  of  ptyalin,  it 
would  appear  that  the  retarding  influence  of  the  latter  may  be,  in 
part  at  least,  counteracted  by  other  substances  naturally  present  in 
the  bile. 

2. — Influence  on  the  Proteolytic  Action  of  Pepsin, 

It  has  long  been  known  that  bile  has  a  retarding  action  on  pepsin 
digestion,  and  Maly  and  Emich  have  recently  shown  the  percentages 
of  bile  acids  necessary  to  bring  the  action  of  pepsin  to  a  standstill 
We  have,  however,  in  addition,  experimented  with  bile  itself,  and  as 
in  the  case  of  the  amylolytic  ferment,  have  endeavored  to  study  the 
influence  of  the  bile  acids  quantitatively.  The  method  employed  for 
measuring  proteolytic  action  is  one  frequently  used  in  this  labora- 
tory, and  which  has  invariably  given  satisfactory  results.  The  only 
feature  which  calls  for  description  is  the  preparation  of  the  proteid 
matter  to  be  digested.     The  material   consists  of  carefully  selected 


*  Jahresbericlit  fiir  Tbiercheuiie,  1872,  p.  243. 
f  Jahresbericlit  fiir  Thiercheiuie,  1870,  p.  197. 
X  Loeturea  ou  digestion,  Aiuer.  ed.,  p.  77. 


an  Amylolytic  and  Proteolytic  Action,  133 

and  thoroQgbly  washed  blood  fibrin.  All  soluble  matters  are  re- 
moved by  successive  extraction  with  boiling  water,  cold  and  boiling 
alcohol,  and  finally  with  cold  and  warm  ether.  The  fibrin  is  thus 
obtained  in  a  perfectly  friable  condition  and  can  be  easily  ground  to 
a  coarse  powder.  It  is  then  dried  at  100-110°  C.  This  material  is 
well  adapted  for  quantitative  experiments  with  pepsin-hydrochloric 
acid ;  the  residue  remaining  after  a  digestion  can  be  rapidly  filtered 
with  the  aid  of  a  pump,  and  can  be  easily  freed,  by  washing,  from 
peptones  and  other  soluble  products  of  digestion. 

The  gastric  juice  employed  in  the  experiments,  consisted  of  a 
hydrochloric  acid  solution  of  a  glycerine  extract  of  the  mucous  mem- 
brane from  a  pig's  stomach,  in  the  proportion  of  10  grams  glycerine 
extract  to  1  litre  of  0*2  per  cent,  hydrochloric  acid.  50  or  100  c.  c. 
of  this  pepsin-hydrochloric  acid  were  employed  in  each  experiment, 
to  which  was  added  1  or  2  grams  of  the  dried  fibrin  (2  per  cent.), 
together  with  the  given  percentage  of  bile  or  bile  acids. 

We  first  tried  the  influence  of  bile  itself,  using  fresh  ox  bile, 
slightly  alkaline  in  reaction  and  containing  10-02  per  cent,  of  solid 
matter. 

The  digestive  mixtures  were  warmed  at  40°  C.  for  two  hours,  then 
filtered  at  once,  and  the  undigested  residue  washed  thoroughly,* 
and  dried  at  100°  C.  until  of  constant  weight.  Following  are  the 
results  of  the  first  series  of  experiments,  with  2  grains  of  fibrin  and 
100  c.  c.  of  gastric  juice. 

Fibrin 
digested. 

90-21  percent. 

90-55 

89-75 

88-83 

72-73 

6 1 -8-1 


Bile  in 
dlgestiYe  mixture. 

Weight  of 
undigested  reaidne. 

0    per  cent 

0-1957  gram 

0-25 

0-1890 

0-50 

0-2050 

100 

0-2234 

3-00 

0-6453 

500 

0-7642 

*  In  all  of  the  pepsin-bydrochloric  acid  digestions  the  presence  of  bile  or  bile  salts 
naturally  causes  more  or  less  of  a  precipitate,  dependent  in  amount  upon  tlio  percent- 
age of  bile  and  also  upon  the  amount  of  digestive  products.  In  washing  tlic  undi- 
gested fibrin  it  was  of  course  necessary  to  remove  this  precipitate.  This  was  accom- 
plished by  pouring  over  the  precipitate  on  the  filter  50  c.  c.  ot*  0*5  per  cent,  potassium 
hydroxide  and  then  washing  witb  water  until  the  alkali  was  wholly  removed. 

The  following  experiment  shows  that  tmder  these  conditions  the  alkali  affects  the 
swollen  fibnn  but  little,  if  any.  Two  portions  of  fibrin  of  2  grams  each  were  warmed 
with  100  c.  c.  of  0*2  per  cent.  HCl  for  30  minutes,  then  filtered  and  one  washed  with 
water  alone,  tbe  other  with  water  and  alkali.  The  first  gave  1-9272  grams  dried 
residue,  the.  other  1*9156  grams. 


Bile  In 
digettlve  mixture. 

Weight  of 
undigested  residue. 

0    per  cent. 

0*1979  gram. 

0-25 

0-2456 

0-50 

0-1927 

9-00 

1-1955 

1300 

1-6611 

1650 

1-7812 

2000 

1-9241 

134  Chittenden  and  Cummifis — Influence  of  JBile 

A  second  series,  tried  under  the  same  conditions,  but  witb  larger 
percentages  of  bile  gave  the  following  results : 

Fibrin 
digested. 

90*10  percent. 

87*72 

90-36 

40*22 

16-94 

10-94 

3  29 

From  these  two  series  of  experiments  it  is  evident  that  the  pres- 
ence of  bile,  from  1  per  cent,  upward,  causes  diminished  proteolytic 
action,  the  retarding  effect  being  proportionate  to  the  amount  of  bile 
present.  20  per  cent,  of  bile  stops  the  action,  under  these  con- 
ditions, almost  completely.  It  is  fair  to  presume,  therefore,  that  the 
reflux  of  but  a  small  amount  of  bile  into  the  stomach  would  be  pro- 
ductive of  a  diminished  proteolytic  action. 

These  results,  therefore,  agree  with  the  older  statements  of  Brtloke, 
Hammarsten  and  others,  to  the  effect  that  bile  added  to  a  gastric 
digestion  has  the  effect  of  bringing  the  proteolytic  action  to  a  stand- 
still. We  next  tried  the  influence  of  the  individual  bile  acids  with 
the  following  results : 


Taiirochollc 
acid. 

Weight  of 
undigested  residue. 

Fibrin 
digested. 

0      per  cent. 

01311  gram. 

86-89  per  cent 

0025 

01461 

85*39 

0050 

0-2200 

7800 

0*100 

0*2421 

75-79 

0-200 

0-2668 

73-32 

0-600 

0-3579 

64-21 

Here  it  is  seen  that  the  smallest  percentage  of  taurocholic  acid 
added,  produces  a  distinct  effect  on  proteolytic  action,  and  in  the 
next  series  of  experiments  still  smaller  percentages  of  acid  cause 
an  equally  marked  effect.  In  both  series  of  experiments,  the  mix- 
tures were  warmed  at  40°  C.  for  I  hour  and  30  minutes. 


Taurocholic 
acid. 

Weight  of 
undigested  residue. 

0      per  cent. 

0-1499  granL 

0-010 

0-1819 

0015 

0-1900 

0-020 

0-2947 

0050 

0-3110 

Fibrin 
digested. 

85*01  percent. 

81*81 

8100 

70-53 

08-90 


Adding  taurocholic  acid    to   the   digestive  mixture  in  the  form 
of  a  sodium  salt  has  the  effect  of  diminishing  still  further  the  action 
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of  the  ferment;  doubtless,  due  in  part  to  the  percentage  of  free 
hydrochloric  acid  being  diminished  by  decomposition  of  the  tauro- 
cholate. 

Taurochollc  Weight  of  Fibrin 

acid.  nndlgeeted  residue.  digested. 

0  percent  0*2069  gram.  79-41  percent. 

0-1  0-6198  3802 

0-2  0-6426  36-74 

0-5  0-6475  35-25 

Maly  and  Emich  found  that  0*2  per  cent,  taurocholic  acid  entirely 
stopped  the  action  of  pepsin;  in  our  experiments,  however,  ferment 
action  was  still  manifest  even  in  the  presence  of  0*5  per  cent,  of  the 
acid.  Whether  this  difference  in  result  is  due  to  difference  in  the 
acid  used,  or  to  difference  in  method,  we  cannot  say.  Glycocholic 
acid  we  found  to  be  entirely  without  influence  on  the  action  of  pepsin, 
as  did  also  Maly  and  Emich. 

3. — Hie  Proteolytic  Action  of  Trypsin  in  Neutral^  Alhdine  and 

Acid  Solutions. 

The  trypsin  solution  was  prepared  according  to  Ktthne's  method,* 
from  dried  pancreas  freed  from  fat ;  the  solution  after  neutralization 
always  contained  some  sodium  salicylate,  sufficient  to  prevent  putre. 
faction  during  short  digestive  periods.  According  to  Ktlhne,t  tryp- 
sin acts  quite  energetically,  both  in  neutral  and  in  salicylic  acid  solu- 
tions, but  most  energetically  when  the  pancreatic  solution  contains 
0*3  per  cent,  sodium  carbonate.  According  to  Heidenhain,|  the  action 
of  definite  percentages  of  sodium  carbonate  varies  with  the  amount  of 
ferment. 

We  have  tried  quantitative  experiments  as  a  preliminary  to  study- 
ing the  influence  of  bile,  with  the  following  results  ;§  the  mixtures 
were  warmed  at  40^  C.  for  3  hours  and  40  minutes,  and  contained 
2  per  cent,  of  fibrin. 


Reaction  of                                 Weight  of 
the  fluid.                          nndlgested  residue. 

Fibrin 
digested. 

neutral 

0*2312  gram. 

76.88  percent. 

0*1  per  cent.  NasOOa 

0-1570 

84-30 

02 

0-0925 

90-76 

0-3 

00772 

92-28 

0-4 

0-0426 

95-74 

0-5 

0-1038 

89-62 

0-1  pr.  ct  salicylic  add 

0-6651 

43-49 

*  Untersuchangen  aus  der  phyBiolog.  Inst.  d.  Universitat  Heidelberg,  vol.  i,  p.  222. 
t  Ibid,  p.  223. 

X  Pflflger'B  ArchiT,  toL  x,  p.  576. 

g  The  pancreatic  juioe  was  prepared  from  20  grams  dry  pancreas,  and  finally  diluted 
to  1000  c.  c.    50  c  c.  were  used  in  each  digestion  with  1  gram  of  pure  fibrin. 
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With  a  larger  percentage  of  fibrin  and  a  longer  period  of  diges- 
tion the  results  are  somewhat  different.  The  following  were  obtained 
with  4  per  cent,  of  fibrin  in  6  hours  and  40  minutes  at  40°  C. : 


Iteactlon  of                                Weight  of 
the  fluid.                         andigested  residue. 

FibrlD 
digested. 

neutral 

0-3785  gram. 

62*15  percent 

0*1  per  cent.  NaaCOs 

0-2581 

7419 

0-2 

01395 

86-05 

0-3 

0-1588 

84-12 

0-4 

0-1629 

83-71 

0-5 

01318 

86-82 

0*1  pr.  ct.  salicylic  acid 

0-47-38 

52-72 

An  average  of  the  two  series  of  results  plainly  shows  that  there  is 
but  little  difference  in  digestive  action  in  the  presence  of  0*2-0*5  per 
cent,  sodium  carbonate,  although  in  a  given  solution  a  change  in  the 
percentage  of  alkali  is  at  once  manifest,  to  a  slight  extent,  in  the 
amount  of  fibrin  digested.  Greatly  increased  percentages  of  alka- 
line carbonate  materially  diminish  the  action  of  the  ferment,  as  the 
following  series  of  experiments  indicate;  the  mixtures  were  warmed 
for  2  hours  at  40**  C: 

Fibrin 
digested. 

41-37  percent 

84-16 

62-40 

29-90 

2108 

16-27 

13-92 

The  difference  in  action  between  a  neutral  trypsin  solution  aod  a 
solution  containing  salicylic  acid  is  quite  noticeable,  at  the  same  time 
it  is  evident  that  in  the  acid-reacting  fluid  the  ferment  simply  acta 
more  slowly,  and  if  time  be  given,  the  action  will  approach  more 
closely  to  that  of  the  neutral  solution.  It  is  of  course  understood 
that  the  salicylic  acid  in  the  above  experiments  does  not  exist  in  a 
free  state,  but  in  combination  with  the  proteid  matter  present,  and 
doubtless  in  most  of  the  experiments  recorded,  where  trypsin  has 
been  exposed  to  the  action  of  small  fractions  of  a  per  cent,  of  acid, 
no  free  acid  has  been  present,  but  only  varying  percentages  of  acid- 
proteids.*  Ktthiief  has  pointed  out  that  hydrochloric  acid  above  0*05 
per  cent,  is  injurious  to  the  action  of  trypsin,  and  Ileidenhain^  haff 


Reaction  of 
the  fluid. 

Weight  of 
undigested  residue. 

neutral 

0-5863  gram. 

0-5  per 

cent  Na,CO, 

0-1584 

1-0 

0-3760 

2-0 

0-7010 

30 

0-7892 

4-0 

0-8373 

50 

0-8G08 

*  See  Danilowsky.     Centralbl.  med.  Wiss.,  1880. 

f  Verb.  Natnrhist.  mod.  Yereins  zu  Heidelberg,  1877,  p.  193. 

\  Pfliigcr's  Arcliiv,  vol.  x,  p.  578. 
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shown  that  the  addition  of  O'l  per  cent,  hydrochloric   acid  to   an 
tqoeoiiB  extract  of  the  pancreas  stops  its  action.     C.  A.  Ewald*"  how- 
ever, found  that  while  pepsin-hydrochloric  acid  destroyed  trypsin, 
trypsin  could  digest  fibrin  in  the  presence  of  0*3  per  cent,  hydrochlo- 
ric acid.     Maysf  likewise  found  that  trypsin  digestion  could  take 
place  in  the  presence  of  0*3  per  cent,  hydrochloric  acid,  but  only 
when  a  relatively  large  proportion  of  fibrin  was  present,  and  in  cor- 
roboration of  Ktlhne's  statement,  he  showed  that  trypsin  could  be 
destroyed  both  by  pepsin  and  dilute  hydrochloric  acid.     EngesserJ 
found  that  a  pancreatic  juice  did  not  lose  its  tryptic  power  by  two 
hours  warming  with  a  gastric  juice  containing  0*5  per  cent,  hydro- 
chloric acid.     Langleyy§  on  the  contrary,  has  shown  that  a  glycerine 
extract  of  the  pancreas  loses  a  very  appreciable  amount  of  trypsin 
when  warmed  for  two  and  a  half  hours  with  0*05  per  cent,  hydrochloric 
acid.     Lindberger,!  working  with  ^n  alcohol  precipitate  from  a  glyc- 
erine extract  of  ox  pancreas,  in   which  there  would   naturally  be 
present  but  a  small  amount  of  proteid  matter  in  addition  to  the  tryp- 
sin, found  that  in  the  presence  of  0*1  per  cent,  hydrochloric  acid  the 
ferment  was  entirely  without  action,  and  even  in  the  presence  of 
0'012  per  cent,  hydrochloric  acid,  fibrin  was  much  more  slowly  dis- 
solved than  by  a  neutral  trypsin  solution.     Lindberger,   moreover, 
found  that  weaker  acids,  as  acetic  and  lactic,  had  a  much  different 
efiTect  than  the  stronger  hydrochloric  acid ;  thus  with  dilute  acetic 
acid,  digestion  of  the  fibrin  was  almost  as  rapid  as  with  a  neutral 
solution  of  trypsin,  while  with  small  amounts  of  lactic  acid,  fer- 
ment action  was  even  more  energetic   than  in  a  neutral   solution. 
There  is,  however,  no  guarantee  that  in  these  experiments  free  acid 
was  present.^ 

We  have  found  that  free  acids,  even  when  present  in  small  per- 
centages, completely  stop  the  proteolytic  action  of  trypsin,  and  that 
when  considerable  albuminous  matter  is  present,  the  action  of  tryp- 
sin is  much  hindered  by  the  addition  of  acid  to  a  neutral  solution, 
even  before  the  proteid  matters  present  are  saturated  with  acid.  0*1 
per  cent,  free  salicylic  acid,  in  the  presence  of  proteids  already  satu- 


*  Jahresbericht  fur  Thierchemie,  18S0,  p.  297. 

f  UDtersuchuDgen  a.  d.  phjsiolog.  Inst.  d.  Univ.  Heidelberg,  vol.  iii,  p.  378,  1880. 
%  Jahresbericht  fiir  Thierchemie,  1880,  p.  297. 
§  Journal  of  Physiology,  vol.  iii|  No.  3. 
I  Jahresbericht  fur  Thierchemie,  1883,  p.  281. 

^  We  have  seen  only  the  abstract  of  Lindberger's  paper,  so  cannot  speak  positively 
on  this  point. 

Tbaks.  Conn.  Acad.,  Vol.  VII.  19  Oct.,  1885. 
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r:it(Ml  with  tlie  aciil,  allows  no  protooly tic  action  whatever.  Further 
more,  a  sut1i(Mont  amount  of  proteid  matter  just  saturated  with 
liydroclilorii'  ari»l,  no  fret'  acid  being  present,  will  almost  coinpletfij' 
sto|>  tin*  arti«)n  of  trypsin.  Proteid  matter,  however,  only  partially 
satiiratiM]  with  acid  has  a  much  smaller  retarding  action.  Tliis 
douht!<*ss,  was  the  condition  of  the  mixtures  in  Mays' and  Engos- 
scr's  ex juTi incuts  ahovc  reiV'rrcd  to,  for,  as  Mays  states,  tlie  ferment 
cou!<i  act  in  the  presence  of  0'3  per  cent,  hydrochloric  acid  only  wheu 
:i  rehitivdy  lartxe  |>roportion  of  tihrin  was  present. 

A  ])an('n'ati(!  jnicr  ]>repared  from  20  «xrams  of  dried  pancreas  by 
warminLC  it  at  M»' (\  ^vith  iioo  c.c.  O'l  per  cent,  salicylic  acid,  etc., 
was  iinally  made  t»xactly  neutral  an<l  diluted  to  500  c.c.  ;  25  c.c.  of 
this  s(>lnti<m  n'<piired  7*5  c.c.  of  a  2'()  per  cent,  solution  of  siilicylic 
:i<-id  to  completi'ly  saturate  the  proteids  present,*  the  excess  of  free 
jK'id  iM'crssary  to  jrive  the  tropjcolin  reaction  being  deducted. 

Thrcr  <lim'stivi'  mixtures  were  made  as  follows: 

1.  25  c.c.  of  tlu'  neutral  |)an(!reatic  solution +  50  c.c.  water. 

2.  •-'.">  (•.<*.  «>f  thr  same  paiicri-atic  solution +  7*5  c.c.  2*0  percent, 
salicvlit^  arid  sohition  H- 1 7*r>  c.c.  water.  The  mixture  was  acid  to 
test  papt-rs,  hut  ;jjavc  no  reaction  with  tropieolin  00.  It  therefore 
<'oniain<d  no  free  a<"id,  hut  O'.'i  per  cent,  of  combined  acid, 

"..  The  same  as  No.  2,  but  2*5  c.c.  more  of  2*0  per  cent,  salicylic 
aei<l,  so  that  the  .'-olution  contained,  in  addition  to  the  acid  proteids, 
O'l   prr  cent,  free  salieylie  aci<l. 

OneLcrani  of  fibrin  was  a<l<h'd  to  each  ofthe.se  and  the  mixtures 
w:irrn<'«l  :it  \()  (\  for  H  hours  and  40  minutes.  Xo.  1  digested  88'34 
per  eriit..  of  the  libriii,  No.  2,  \\\'\\  per  cent.,  while  No.  3  had  no 
aeiioii  \vliat<'ver. 

Much  smaller  pereentat^es  of  combined  salicylic  acid  cause  an 
(Mpially  <lirninl*;|ied  proteo|yli('  action  ;  thus,  in  the  case  of  a  carefully 
dialyzed  juiee  where  the  proteid  matter  was  much  diminished,  the 
<li^estive  mixtme,  with  its  prot.ei<ls  wholly  saturated,  contained  but 
o-oco  per  i^'Ut.  of  eombined  salicylic  acid;  vet  this  mixture,  in  15 
hours  at  to"  C.-.  dig<'st(Ml  i)ut  IT'lo  ])er  cent,  of  fibrin,  while  the  same 
amount  of  the  lu'utral  trypsin  solution  digested  57*80  per  cent. 


*  Ti'stffl  by  tnipM'olin  00  acvcn'din^r  to  tlie  nictlind  of  I)aiiile\v.«5ky  (Contralbl.  med. 
Wiss.,  IM80).  ()m»  «lro])  oC  a  .soliilion  (v.ntaining  0-028  per  cent,  free  salicylic  acid 
j^ivoH  a  roddish-violet  oolor,  which  is,  lit>\vcvor,  not  pennanent  as  iu  tlie  case  of  hydro- 
cliloric  acid,  hut  transient.  Willi  hydrocliiorio  acid,  one  <lri)p  of  a  0*003  per  cent. 
flotntioD  will  jrivo  the  reaction. 
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Combined  bydroohlorio  acid  has  a  greater  hindering  action  than 
salicylic  acid,  as  the  following  results  show  : 

Fibrin  digested 
Pancreatic  solution  of  trypsin.  in  18  honrs. 

neutral  57*80  per  cent 

0-034  per  cent,  combined  HOI + no  free  HOI  3*90 

0034      "  "  HOI  +  0  005  per  cent,  free  HCl  231 

0-034       »*  *'  Ha +  0010        »•  "  0-87 

It  is  thus  evident  that  in  an  ordinary  digestive  mixture,  or  even 
where  albuminous  matter  is  present  only  in  limited  quantity,  the 
addition  of  hydrochloric  or  salicylic  acid  to  a  neutral  solution  of 
trypsin  reduces  its  proteolytic  action  to  a  minimum  before  any  free 
acid  is  present. 

4. — Influence  of  Bile^  Bile  Salts  and  Bile  Acids  on  the  Proteolytic 

Action  of  Trypsin, 

The  addition  of  bile  to  a  neutral  pancreatic  juice  causes  but  little 
change  in  its  proteolytic  action,  as  is  seen  from  the  following  results 
obtained  with  ox  bile  containing  8*3  per  cent,  solid  matter  : 

Weight  of  Fibrin 

Bile.  undigested  resldne.  digested. 

0  per  cent  0*4118  gram.  59-82  per  cent. 

1-0  0-3907  60-93 

100  0-3938  60-62 

A  slightly  increased  action  is  the  only  effect  produced  on  the 
trypsin.*  The  addition  of  bile  to  an  alkaline  pancreatic  juice  does 
not  produce  any  very  different  results.  The  following  were  obtained 
with  a  pancreatic  juice  containing  0*3  per  cent,  sodium  carbonate  and 
fresh  ox  bile  containing  10*02  per  cent,  solid  matter: 


Bile. 

Weight  of 
undigested  residue. 

Fibrin 
digested. 

0 

per 

cent. 

0-3056  gram. 

69-44  per  cent. 

0-25 

0-3074 

69-26 

0-50 

0-3488 

6512 

1-00 

0-3633 

63-67 

500 

0-3278 

67-22 

10-00 

0-3603 

63-97 

Here  there  is  no  increased  proteolytic  actipn,  neither  is  there  any 
very  great  retarding  effect  produced.  Pure  sodium  glycocholate 
and  taurocholate  produce  results  similar  to  bile,  as  the  following 
table  shows.  The  pancreatic  juice  contained  0*3  per  cent,  sodium 
carbonate : 


*  Oompare  Heidenhain,  PflOiger's  Archiv.,  vol.  z,  p.  579. 
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Sodium 
taiiroohulatc. 

Weight  of 
uDdiKeHtvd  rebidae. 

0  per  it'Iit. 

0'2:<08  gram. 

o-or> 

0'25()6 

010 

0-3048 

1  00 

0-28:i2 

sodium  K'ycocholate. 

0-10 

0-2576 

(»-J0 

o;n54 

Fibrin 
dlKvsted. 

76-92  percem. 
74-34 
69-52 
71-68 

74-24 
68-46 


The  prcsoiicu  of  3-0  per  cent,  crystallizetl  ox  bile  caused  a  some- 
what dittrrent  result,  inoreasiiitr  the  proteolytic  action  slightly;  thus, 
while  the  control,  containing  0-8  per  cent,  sodium  carbonate,  digested 
HH'kW)  per  cent,  of  fibrin,  the  same  trypsin  solution  plus  3  percent 
of  crystallized  bile  digested  in  the  same  time  89*73  per  cent,  of  fibrin. 

While  bile  or  bile  salts  have  but  little  influence  on  the  proteolytic 
action  of  try])sin,  the  bile  a(^ids,  even  small  percentages,  liave  a  much 
more  marked  effect.  The  following  results,  obtained  by  the  addition 
of  the  bile  acids  to  a  nentral  pancreatic  juice,  show  the  extent  of  the 
action  : 

WelKlit  of  Fibrin 

Hill-  :irl(lH.  undiKCHted  re(«Idue.  dlgcitted. 

0  0-2510  grain.  74*84  percent 

<;ly(;ochMlic,  O-o;;  per  cont.  0-11HJ3  80-07 

T;mr(Mli(,lic.  y-H)  0-3155  65*45 

ML>o  0-1332  56*68 

'>•.■)()  0-tl7o  58-30 

llcic  the  retarding  iiilluence  of  taurocholic  acid  is  very  mauifest, 
while,  on  the  other  hand,  the  small  percentage  of  glycocholic  acid 
appears  to  increase  the  action  of  the  ferment. 

Ill  view  of  (he  possible  acid-reacting  character  of  the  contents  of 
lh<'  small  intestines,  it  becomes  an  interesting  point  to  ascertain  the 
iiilliien<'e  of  bile  on  the  action  of  trypsin  in  tlie  presence  of  more 
or  less  combined  aci<l.  With  a  pancreatic  juice  in  which  the  proteids 
were  partially  saturated  with  salicylic  acid,  0*1  per  cent,  combined 
acid  being  present,  tin-  following  I'esults  were  obtained  : 

Fibrin 
dlKostcd. 

51-78  percent 

51-42 

50*09 

I'his  increased  action  in  the  ])resence  of  10  [)er  cent,  of  bile  accords 
witii  Jjindberger's  results,  this  exi)erimenter  having  found  that  bile 
in  the  presence  (d*  small  percentages  of  (combined?)  acetic  and  lactic 
acids  tends  to  diminish  the  retarding  effect  [jroduced  by  the  acids 
alone. 

In  the  presence  of  combined  hydrochloric  acid,  the  bile  salts  pro- 
duced no  etfccts  whatever;  the  trypsin  was  entirely  without  action. 
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Absorption  of  Arsenic  bt  the  Brain.      By  R.  H.  Chittenden 

AND  Herbert  E.  Smith,  M.D. 

Some  time  since  one  of  us^  advanced  the  view  that  the  amount  of 
arsenic  present  in  the  brain,  in  cases  of  arsenical  poisoning,  is  an  in- 
dex to  the /onn  in  which  the  poison  was  taken,  viz:  whether  in  a 
readily  soluble  and  diffusible  form,  such  as  sodium  arsenite,  or  in  a 
comparatively  insoluble  form,  as  arsenious  oxide  or  aceto-arsenite  of 
copper.  The  original  experiments  of  Scolosuboff  f  on  animals,  with 
sodium  arsenite,  plainly  showed  the  capability  of  nerve  tissue  for  the 
absorption  of  arsenic ;  yet  the  recorded  observations  of  toxicologists 
tend  to  show,  as  a  rule,  the  presence  of  but  traces  of  this  metal  in 
cases  of  arsenic  poisoning,  either  acute  or  chronic.  Scolosuboff 's  re- 
sults are,  however,  undoubtedly  correct ;  arsenic  when  taken  in  a  very 
soluble  and  diffusible  form  without  doubt  does  accumulate  in  the 
brain,  but  in  our  opinion  only  when  in  thcU  conditio?},  and  thus  in 
the  more  common  forms  of  poisoning  with  the  white  oxide  or  other 
insoluble  form's  of  arsenic,  but  a  trace  of  the  poison  is  to  be  found  in 
the  brain  at  any  one  time. 

With  a  firm  belief  in  the  truth  of  the  above  statement,  founded  on 
personal  experience  and  the  recorded  results  of  other  workei*s  in  this 
field,  it  was  maintained  by  one  of  us  in  a  previous  paper|  that  the 
presence  of  weighable  amounts  of  absorbed  arsenic  in  the  brain  may 
be  taken  as  an  indication  of  the  administration  of  a  soluble  form  of 
the  poison.  Experiments  on  animals  tend  to  show  the  correctness  of 
the  theory  and  the  results  of  toxical  investigations,  so  far  as  our 
knowledge  extends,  contain  nothing  contrary  to  this  view.  If  true, 
we  ought  never  to  find  under  any  circumstances  an  accumulation  of 
arsenic  in  the  brain,  after  the  administration  of  an  insoluble  form  of 
the  poison.  Hence,  the  study  of  arsenic  cases,  where  the  form  of 
poison  is  known,  is  of  great  importance  in  this  connection. 

We  have  had  a  recent  opportunity  of  adding  two  more  cases  to 


*  Chittenden,  Amer.  Chem.  Jour.,  vol.  v,  p.  8;  and  Medico-Legal  Journal,  vol.  ii, 
p.  2.37. 

f  Bulletin  de  la  Soci^te  Ghimi(|ue  de  Paris,  vol.  xxiv,  p.  125. 
I  Chittenden,  loc.  cit. 
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the  littt  of  those  which  bear  testimony  to  the  truth  of  the  ah 
th(>ory  ;  two  fatal  cases  of  arsenic  poisoning,  one  of  which  was  cau 
by  the  white  oxide,  the  other  presumably  by  Paris  green  or  ao( 
urH(Mnte  of  copper. 

6Vw«  A, — L.  K.,  a  middle-aged  laboring  man,  ate  for  his  dinner 
noon  a  (piantity  of  bean  soup.  Almost  immediately  after,  he  ^ 
Heized  with  vomiting  and  purging,  cramps  in  the  legs,  and  all 
ordinary  Hyniptoms  of  acute  araenic  poisoning.  There  were 
ni2irke<l  een>bral  syniptoms.  At  9  p.  m.  of  tlic  same  day  the  pati 
died  in  a  condition  of  collapse,  having  thus  lived  nine  hours  al 
eating  the  poisoned  soup.  An  autopsy  made  the  following  day 
Dr.  M.  ('.  White  of  the  Yale  Medical  School,  to  whose  courtesy- 
are  indebted  for  a  description  of  the  case,  and  also  for  the  organs 
anulysis,  revealed  the  following  points  of  interest:  "The  muc 
nienihrane  of  the  stomach  was  very  much  inflamed,  especially  aroi 
tli(!  (^ardiac^  orifie.(>.  The  duodenum  was  likewise  much  inflamed,  2 
tlu*  lower  part  of  the  rectum,  showing  here  as  a  red  mottled  con| 
tion.  Th(*  remaining  portions  of  the  intestines  were  normal.  ' 
liraiii  showed  marked  congestion.  The  kidneys  were  normal  in 
pearanee,  th(f  urinary  bladder  was  nearly  empty,  and  the  muo 
lining  somewhat  reddened.  The  lungs  were  normal,  except 
lower  half  of  the  right  one,  which  was  a  little  congested.  The  hi 
normal  ;  small  fibrinous  clot  in  the  right  ventricle."  In  ordei 
draw  (ledurtions  of  uny  value  from  the  distribution  of  arsenic 
the  body  of  tlu^  deceased  we  must  know  positively  as  to  the  form 
wliicli  tlu^  poison  was  taken.  Fortunately,  we  were  able  to  obi 
t  he  residue  of  the  soup  eaten  by  the  deceased.  Microscopic  exami 
lion  of  th(^  sediment,  plainly  showed  octahedral  crystals  of  an 
ions  (»xi(le,  and  we  were  able  to  separate  from  a  small  portion 
the  ^olid  residue  2  J  uiilligranis  of  the  oxide.  Plainly^  the  soup  ^ 
]M)isoMed  iiy  simply  mixing  witli  it  arsenious  oxide  in  substai 
As  to  I  he  <|ua!itity  of  arsenic  present  in  the  soup  we  have  the  foil 
iiig  (lata :  I '25  e.  e.,  oxidized  with  hydrochloric  acid  and  potass! 
chlorali^,  yiel(l(Ml  \\\\'i\  milligrams  of  arsenious  sulphide,  equal 
'l'u\'2  milligrams  of  arsenious  oxide.  As  to  the  amount  taken  by 
(leeeastMl  we  have  no  knowle<lge ;  we  infer,  however,  since  the  81 
eonstituled  the  main  portion  of  his  dinner,  that  a  large  quantity  ' 
eaten,  which  view  we  think  is  substantiated  by  the  intensity  of 
vomiting  and  jmrging  so  charaeteristic  of  large  doses  of  the  pois 

Here  then,    we  have  an   untpiestionable  case   of  poisoning  \^ 
arsenious  oxide,  and  under  conditions  most  suitable  for  rapid  abs^ 
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tioD  ;  a  probable  empty  condition  of  the  stomach,  together  with  a 
large  amount  of  the  poison,  a  considerable  portion  of  which  must 
probably  have  been  dissolved  in  the  soup.  Added  to  this,  nine  liours 
intervened  between  the  taking  of  the  poison  and  death.  Certainly 
then  everything  favored  an  absorption  of  poison  by  the  brain,  if 
such  is  characteristic  of  this  form  of  arsenic.  Naturally  the  vomit- 
ing and  purging  would  remove  much  of  the  poison,  still  the  relative 
proportion  of  absorbed  arsenic  would  not  be  materially  altered,  and 
thus  if  Scolosuboff's  results  with  soluble  arsenites  are  applicable  to 
arsenious  oxide,  we  ought  to  find  in  this  case,  in  conformity  with  his 
results,  a  larger  percentage  of  arsenic  in  the  brain  than  in  the  liver 
or  kidneys. 

Following  are  the  results  actually  found  :* 

Liver  (1259  grams)  contained  76*0  milligrams  AS'^Oa. 
Kidney  and  bladder  (332  grams)  contained  0*6  milligram  AsjOa. 
Brain  (^=:328  grams  dry)  contained  simply  a  recognizable  trace. 

Case  B. — J.  G.,  a  young  woman,  age  unknown.  Regarding  the 
details  of  this  case  we  have  less  definite  knowledge.  She  was  last 
seen  alive  on  Friday  night,  at  which  time  she  threatened  to  poison 
hersell  The  following  Monday  morning  she  was  found  dead,  and 
near  her  an  open  package  of  Paris  Green.  She  had  evidently  been 
dead  some  time,  and  both  the  condition  of  her  room  and  person  gave 
evidence  of  excessive  purging  and  vomiting.  An  autopsy  by  Dr. 
White  showed  an  entire  absence  of  inflammation  of  the  alimentary 
tract,  and  also  a  lack  of  any  abnormal  condition  sufficient  to  account 
for  death.  The  verdict  was  therefore,  death  by  poisoning  with  Paris 
green  or  aceto-arsenite  of  copper. 

Through  the  kindness  of  Dr.  White  we  were  able  to  obtain  por- 
tions of  the  body  for  analysis.  The  contents  of  the  stomach  were 
entirely  free  from  arsenic,  the  poison  having  been  wholly  removed 
by  the  purging  and  vomiting ;  the  trace  found  therefore,  was  the 
amount  absorbed  by  the  muscle  tissue  of  the  stomach.  Following 
are  the  amounts  of  arsenic  found  in  the  parts  analyzed : 

Liver  (2984  grams)  contained  12*78  milligrams  AsaOs. 

Kidneys  and  bladder  (515  grams)  contained  3*40  milligrams  AssOs. 

Muscle  of  thigh  (735  grams)  contained  0*97  milligram  AsaOs. 

Stomach  (425  grams)  contained  a  trace. 

Brain  (1179  grams)  contained  a  trace. 


*  The  method  of  analysis  consisted  in  the  oxidation  of  the  tissue  with  nitric  and 
salphuric  acids,  the  arsenic  being  weighed  as  metallic  arsenic.  See  Amcr.  Chem. 
Journal,  vol.  11,  p.  235. 
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The  trace  of  arsenic  in  both  the  mascle  tissue  of  the  stomach  and 
in  the  brain  was  very  small ;  the  entire  brain  could  not  have  con- 
tained more  than  0*2  of  a  milligram  of  arsenic. 

These  results  plainly  substantiate  the  views  set  forth  above  and 
lend  favor  to  the  belief  that  Scolosuboff's  results  with  sodium  arsen- 
ite  are  applicable  only  to  that  form  of  poison,  and  not  to  the  more 
insoluble  compounds  of  arsenic.  These  two  cases,  therefore,  are 
additional  evidence  that  in  poisoning  with  arsenic  the  presence  of  an 
appreciable  amount  of  poison  in  the  brain,  is  an  indication  amount- 
ing almost  to  proof  positive  of  the  administration  of  a  soluble  and 
diffusible  form  of  arsenic. 


i* 


Ikfluence    op   PoTASSirM    AND  Ammonium    Bbomidbs  on   Meta- 
bolism.     By  R.  H.  Chittenden  and  W.  L.  Culbert,  Pu.B. 

As  a  question  in  the  physiology  of  nutntion,  it  is  very  desirable  to 
be  able  to  state  something  definite  regarding  tlie  influence  of  bro- 
mides upon  the  metabolism  of  the  body ;  particularly  their  influence 
upon  the  metabolism  of  proteid  matter,  as  shown  in  the  excretion 
of  urea  and  uric  acid,  and  in  view  of  their  special  application  as 
therapeutic  agents  in  diseases  of  the  nervous  system,  their  influence 
also  on  the  decomposition  of  nerve  substance,  as  shown  in  the  excre- 
tion of  pliosphoric  acid.  Two  complete  investigations  appear  to 
have  been  made  upon  this  subject;  one  in  1808  by  Dr.  J.  H.  Bill,* 
and  one  in  1888,  by  Dr.  B.  Schulze,f  the  results  of  which  are  more  or 
less  in  direct  opposition  to  each  other.  We  have  also  seen  a  refer- 
ence to  two  other  investigations,  quoted  by  Dr.  Wood,J  in  which 
Dr.  Rabuteau  found  the  daily  excretion  of  urea  slightly  lessened 
under  the  influence  of  bromide,  as  did  also  Dr.  Bartholow. 

Dr.  Bill's  investigation,  which  was  a  very  thorough  one,  had  for 
one  of  its  objects  to  ascertain  whether  bromides  reduce  the  amount 
of  phosphoric  acid  excreted,  like  such  known  hypnotics  as  morphine ; 
at  the  same  time  careful  examination  was  made  of  the  variations  in 
nrea  and  uric  acid  under  the  different  conditions  of  the  experiments. 
The  experiments  were  all  conducted  on  one  person  with  a  body 
weight  of  160  pounds,  which  remained  fairly  constant  throughout. 
The  experiments  were  made  in  series  under  known  conditions  with 
uniformity  of  habits,  diet,  etc.  Unfortunately,  however,  no  data  are 
given  regarding  the  nature  of  the  diet,  the  closeness  with  which  it 
was  adhered  to,  or  whether  the  body  was  kept  in  a  state  of  nitro- 
genous equilibrium.  Each  series  of  experiments,  moreover,  covers  at 
the  most,  but  six  days ;  three  days  without  bromide  and  three  days 
with,  consequently  slight  variations  might  easily  be  absorbed  in  an 
average  of  three  results.     The  urea  in  Dr.  Bill's  work  was  detcr- 

*  Auer.  Jour.  med.  Sciences,  July,  186S.  Experimental  Researches  into  the  action 
and  Therapeutic  value  of  Bromide  of  Potassium. 

f  Zeitschrift  fur  Biologic,  vol.  zix,  p.  301.  Einfluss  des  Bromkalium  aufdeii  Stoff- 
wechsel. 

X  Therapeutics,  p.  33*7. 

Traks.  Conk.  Acad.,  Vol.  VIL  20  Nov.,  1885. 
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ence  of  potassium  bromide  there  is  probably  a  decided  dimiuution  of 
metabolic  activity  in  the  nervous  system,  accompanied  by  decreased 
nervous  irritability. 

By  determining  the  nitrogen  of  the  faeces,  Schulze  concluded  that 
the  bromide  exercised  no  particular  influence  on  the  digestibility  of 
the  food. 

In  our  experiments  great  care  was  taken  first,  to  insure  body  e((ui- 
librium  and  then  to  obtain  sufficient  data  by  analysis,  to  be  sure  of 
the  requisite  constancy  in  the  composition  of  the  daily  excretions. 
The  experiments  were  tried  throughout  on  the  person  of  one  of  us 
(W.  L.  C),  of  good  physique  and  vigorous  constitution.  The  diet 
was  weighed  out  each  day  with  scrupulous  care  and  was  as  follows : 

Fresh  meal  [beef] 1420  grams. 

Potatoes 283r)  " 

Wheatbread 2560  " 

Oatmeal 500  " 

Butter 66-7  " 

Sugar J 28-3  " 

Salt - 0-7  " 

Milk.. 7000  " 

Water 345-5  " 

This  diet  was  commenced  on  the  third  day  of  April  and  continued 
for  nine  days  before  any  attempt  was  made  to  ascertain  the  daily 
amounts  of  urea,  etc.,  excreted.  Then  the  urine  was  analyzed  for 
nine  successive  days,  after  which  doses  of  potassium  bromide  were 
taken.  The  above  daily  amount  of  food  was  divided  into  three  por- 
tions and  taken  at  the  same  time  each  day;  at  7:30  a.  m.,  1  p.  m., 
and  6  p.  nu  Exercise  was  taken  regularly  and  in  stated  amounts; 
consisting  of  a  walk  each  morning  before  breakfast  and  exercise 
with  dumbbells  just  before  retiring  at  11  p.  m.  Care  was  taken  not 
to  exercise  so  freely  as  to  induce  perspiration.  Througliout  the  day 
routine  duties  allowed  of  regular  habits.  It  was  thus  found  possi- 
ble to  keep  even  the  minor  conditions  of  the  experiment  constant 
thronghout.  The  urine  was  collected  from  7:30  a.  ra.  of  one  day  to 
7:30  a.  m.  of  the  next,  and  was  at  once  analyzed.  Urea  was  deter- 
mined by  Pfltlger's*  modification  of  Liebig's  method,  with  a  standard 
solution  of  mercuric  nitrate.  All  the  precautions  so  carefully  worked 
out  by  Pflttger;  preparation  of  a  mercuric  nitrate  solution  of  the 
proper  specific  gravity,  a  standard  solution  of  sodium  carbonate  to 
neutralize   the   acid   of   the   former,    preliminary   determination    of 

*  Pflilgcr's  Archiv,  vol.  xxi,  p.  248. 
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chlorine  and  removal  of  the  same,  before  precipitating  the  urea; 
were  carried  out  with  very  satisfactory  results.  Uric  acid  was 
determined  according  to  the  older  method  of  Heinlz*  with  the  modi- 
fication of  Zablins,  and  being  conducted  each  time  under  exactly 
the  same  conditions  and  with  a  urine  of  approximately  the  same 
composition,  the  results  are  to  be  considered  as  strictly  comparable. 
Chlorine  and  bromine  were  determined  in  the  usual  manner  with  a 
standard  solution  of  silver  nitrate;  the  results,  however,  are  not 
given  as  they  are  of  value  only  as  essential  to  the  urea  determinations. 
Total  phosphoric  acid  was  determined  by  means  of  a  standard  solu- 
tion of  uranium  nitratcf  Phosphoric  acid  in  combination  with  alkali- 
earths  was  determined  by  precipitation  with  ammonium  hydroxide, 
allowing  the  mixture  to  stand  24  hours,  filtering  the  precipitated 
phosphates,  washing  thoroughly  with  diluted  ammonia,  then  dissolv- 
ing ill  a  definite  amount  of  dilute  acetic  acid  and  titrating  with 
uranium  solution.  Total  amount  of  solid  matter  contained  in  the  24 
liours'  urine,  was  calculated  by  the  use  of  Christison's  formula. 

The  diet  specified,  was  commenced  on  the  3d  day  of  April ;  on  the 
12 th  the  urine  was  collected  for  analysis,  the  body  weight  taken  and 
the  investigation  then  carried  forward  without  interruption.  Table 
No.  I.  gives  the  results  of  the  analysis  of  the  urine  for  nine  con- 
secutive days,  and  shows  the  average  amount  of  variation  to  be 
expected  under  the  conditions  of  the  experiment. 

On  the  21  St  of  April,  60  grains  of  potassium  bromide  were  taken 
in  divided  doses  as  seen  in  Table  No.  II.  The  bromide  was  taken 
about  midway  between  the  hours  of  eating,  so  that  it  might  not  affect 
di<;estion.  On  the  '22d  the  dose  was  increased  to  100  grains  and  then 
to  150,  the  latter  amount  being  taken  daily  for  three  bonsecutive 
days.  Table  No.  II.  shows  the  effects  of  the  bromide  on  the  svstera, 
for  tlie  six  days  it  was  taken. 

On  the  first  day,  the  only  apparent  influence  of  the  bromide  is  to 
cause  a  diminution  in  the  amount  ot  pho8phoric  acid  excreted;  seen 
both  in  the  total  P,0^  and  in  the  P^O^  in  combination  with  alkali- 
oarihs.  On  the  second  day,  the  diuretic  action  of  tiie  salt  is  apparent, 
accompanied  with  an  increase  in  specific  gravity,  and  a  decided 
increase  in  the  amount  of  urea  excreted,  together  with  a  slight  in- 
crease in  the  amount  of  uric  acid.  Phosphoric  acid  was  still  dimin- 
islied  in  amount.  On  the  tliird  day,  the  body  weight  commenced  to 
dituinisli  and  continued  to  do  so  throughout  l\w  experiment;  diuretic 


*  Dio  FiOhre  voin  Ilani.  Salkowaki  un<l  Leubo,  p.  l)-A-i>5. 
f  Die  Leliro  vom  Ham,  p.  ISi. 
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aotion  was  still  apparent  as  was  also  increased  elimination  of  urea, 
and  to  a  slight  extent  of  uric  acid  likewise.  Indeed,  the  most  notice- 
able effect  of  the  bromide,  next  to  its  diuretic  action  is  its  decided 
influence  on  proteid  metabolism  as  shown  by  the  increased  elimina- 
tion of  urea.  As  to  phosphoric  acid  the  results  are  not  so  striking, 
although  an  average  of  the  two  series  shows  a  diminished  excretion, 
both  of  total  P,0^  and  of  P,0^  in  combination  with  alkali-earths.  The 
average  difference  in  the  two  series  of  results  is  clearly  shown  by 
the  following  table : 

Average  of  Table 
No.  I,  without  KBr.  No.  II.  with  KBr. 

Total  quantity  of  urine 926  c.  c.  1010  c.  c. 

Sp.  6r 1025,8  1026,3 

Total  solid  matters 567329  grams.  63-6252  grams. 

Totol  PaOs 2-7540  25426 

P,Oft  in  combination  with  Ca  and  Mg.  0*6022  0*5452 

Uric  acid 0*6752  0*6858 

Urea 34*8681  35*9454 

Our  results  therefore  plainly  indicate,  that  under  the  influence  of 
potassium  bromide,  nitrogenous  metabolism  is  increased  while  the 
excretion  of  phosphoric  acid  is  slightly  diminished  in  amount;  not 
however,  to  any  such  extent  as  would  be  expected  by  an  active 
hypnotic  agent.  The  bromide  taken,  the  largest  doses  about  10 
grams  per  day,  produced  its  usual  physiological  effects ;  such  as  drow- 
siness, diminution  of  the  circulation  with  accompanying  coldness  and 
paleness  of  the  skin.  Constipation  was  not  noticed  while  taking  the 
bromide,  but  later  on  it  became  somewhat  troublesome,  once  or  twice 
alternating  with  a  slight  diarrha3a.  In  accord  with  Dr.  Bill,  we  no- 
ticed an  increase  in  the  acidity  of  the  urine  while  taking  the  bromide, 
as  also  a  deepening  of  the  color. 

With  bromide  of  potassium  therefore,  our  results  agree  with  those 
of  Dr.  Schulze  in  showing  an  increased  excretion  of  nitrogen  (urea 
and  uric  acid),  although  far  more  pronounced  than  he  found  in  his 
experiments,  while  the  diminution  in  phosphorus  is  less  pronounced 
than  found  by  Schulze. 

With  Dr.  Bill's  experiments  our  results  agree  in  so  far  as  the 
diminution  of  phosphoric  acid  is  concerned,  but  are  entirely  different 
as  regards  the  urea.  Since,  however.  Dr.  Bill  retained  unilormity  in 
diet  only  during  the  days  of  the  experiments,  it  is  quite  possible 
that  lack  of  nitrogenous  equilibrium  may  have  had  some  influence  on 
his  results.  The  increased  elimination  of  urea  noticed  in  our  experi- 
ments is  certainly  indicative  of  increased  metabolic  activity  ;    it  is, 
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however,  suggestive  that  potassium  bromide  has  been  recently  found 
to  exercise  a  very  decided  accelerating  influence  on  the  proteolytic 
action  of  both  pepsin-hydrochloric  acid*  and  trypsin  ;t  while,  there- 
fore, this  fact  may  have  something  to  do  with  the  increased  elim- 
ination of  nitrogen,  particularly  as  the  diet  used  is  quite  rich  in  pro- 
teid  matl(»r,  it  seems  more  probable  to  suppose  that  the  above 
chanures  in  the  excretion  of  nitroiren  are  due  rather  to  chanijes  in  the 
tissue  pn>teids ;  still  it  would  have  been  interesting  if  the  nitrogen 
in  the  fieces  had  been  determined  each  day. 

Although  the  last  dose  of  potassium  bromide  was  taken  on  the  26th 
of  April,  the  same  <liet  was  still  continued  and  the  urine  carefully 
examined  <laily,  until  the  Rth  of  May,  at  which  time  the  amount  of 
bromine  in  the  urine  was  reduced  to  a  minimum.  Dr.  Hill  states  that 
bromine  usually  <lisappear8  entirely  from  the  urine  in  ten  days  after 
the  last  (lose  of  bromide. 

The  results  of  the  twelve  days  analyses  are  shown  in  Table  No. 
III.     In  examining  this  table  it  is  interesting  to  note  how  quickly 
the  elimination  of  urea  is  changed  on  stopping  the  doses  of  bromide. 
On  tlie  'jritli,  the  last  <lay  the  bromide  was  taken,  the  excretion  of 
urea  amounted  to  37*5  grams;  on  the  2'7th  it  fell  to  31*8  grams,  far 
below  what  it  had  been  anv  time  before  the  bromide  was  taken.     It 
would   thus  a]>|)ear  that   after  withdrawal  of  the  bromide,  nutrition 
whieli  lia«l  been  accelerati'd,  reboun<]ed  in  proportion  to  the  preceding 
acccK  rati(Hi.      Trie  aci<l,  moreover,  wliich  had  likewise  been  increased 
in  anionnl  by  the  bromide,  was  now  also  correspondingly  diminished. 
KurHhrinon',  tlu'  <liuri'tic-  action  of  the  bronu<le  was  at  once  stopped, 
ami  lilt*  ^|K'iilic.  ^lavity  fell  to  rJoi").     In  the  case  of  phosphoric  acid, 
ln>\vi'V(*r,  llu-   action  of  the  brt)niide  ajjpears  to  be  continued  for  a 
day  or  two  after  its  withdrawal,  and  indeed  it  is  noticeable  through- 
out,   that  the  diniinution  in  phosphoric  aci<l   excreted,  is  not  at  all 
proportional   t(»  the  amount  of  bromide  taken.     In   fact  ])hosphoric 
acid,  l»oth  total  IV ^^  •^"*^  alkali-earth  l*.,0^,  appears  to  be  fuore  deci- 
<1(m1Iv  (liminisluMJ  on  those  davs  when  the  amount  t)f  bromide  in  the 
blood  was  the  smallest,  notably  on  the  *21st,  iiUh  and  2Vth  of  April. 
l>v    the  ;{d  <lav   after   witlulrawal  of  the  bromide,  the  excretion  of 
nrca  liad  gone  nearly  ba<*k  in  thi'  daily  amount,  prior  to  taking  the 
bromide;  still  it  is  to  be  seen  in  Table  No.  Ill,  that  the  average  ex- 
crelion  of  urea,  uric  aci<l  and  phosphoric  acid  is  below  the  average 
excretion  recorded  in  Table  No.  I.     In  fact  afti'r  the  continued  doses 

*  <'liitt<*iHl(Mi  n\u\  A  Urn.     'I'rrms.  Conn.  Acad.,  vol.  vii, 
j-  ( 'liittonihni  and  ()\iiiiniins.     I1»i<l. 
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of  potassium  bromide,  the  metabolism  of  the  body  did  not  fall  back 
to  its  original  height ;  but  being  temporarily  accelerated  during  the 
exhibition  of  potassium  bromide,  it  [the  nitrogenous  metabolism] 
fell  back  on  withdrawal  of  the  same,  to  a  far  lower  level,  and  al- 
though later  somewhat  increased  in  amount,  its  average  was  still 
lower  than  recorded  in  Table  No.  I.  Nutrition  had  evidently  been 
disturbed ;  the  body  weight  showed  gradual  diminution,  and  on  the 
4th  and  6th  of  May  there  was  slight  diarrhoea  accompanied  with 
a  decided  decrease  in  the  amount  of  urea  and  uric  acid  excreted. 

Dr.  Bill  appears  to  have  experimented  somewhat  with  sodium  bro- 
mide, although  we  find  no  results  recorded,  aside  from  the  fact  that 
this  salt,  like  potassium  bromide,  caused  an  increased  excretion  of 
uric  acid,  and  the  general  statement  that  "  when  taken  by  the 
mouth,  bromide  of  sodium  does  not  produce  the  same  eifccts  as  bro- 
mide of  potassium."  In  view  of  the  increased  excretion  of  urea, 
noticed  under  the  influence  of  the  potassium  salt,  we  were  interested 
in  seeing  whether  ammonium  bromide  would  have  a  like  influence, 
especially  in  view  of  the  fact  that  v.  Schroeder*  has  shown  that  ammo- 
nium carbonate  is  directly  convertible  into  urea  by  passage  through 
the  liver. 

The  physiological  action  of  ammonium  bromide  is  stated  to  re- 
semble in  many  points  that  of  potassium  bromide,  while  in  other 
points  it  differs  essential ly.f  As  to  its  influence  on  metabolism  no 
experiments  whatever  appear  to  have  been  made. 

On  the  9th  of  May,  75  grains  of  ammonium  bromide  were  taken, 
in  divided  doses,  as  shown  in  Table  No.  IV.  In  all,  425  grains  of  the 
salt  were  taken  in  four  consecutive  days.  The  action  of  the  salt  on 
the  system  was  not  as  pleasant  as  that  of  potassium  bromide ;  caus- 
ing a  general  weakness  and  indisposition,  a  slight  diminution  in  the 
pulse,  an  occasional  cold  perspiration,  more  marked  lividity  of  the 
countenance  and  a  parched,  dry  taste  in  the  mouth.  An  habitual 
eruption  of  the  skin  was  moreover  much  increased  and  accompanied 
with  acne  on  the  back  and  shoulders.  Undoubtedly  these  disagree- 
able symptoms  were  much  augmented  by  the  temporary  lassitude 
which  was  beginning  to  be  apparent ;  doubtless  due  to  the  approach 
of  warm  weather  together  with  lack  of  the  accustomed  vigorous 
exercise  and  the  long  continued  use  of  the  somewhat  monotonous 
diet. 


*  Archiv  f.  exp.  Pathol.,  vol.  xv,  p.  364.     Also  Report  on  Progress  in  Physiological 
Chemistry  in  Amer.  Chem.  Jour.,  vol.  v,  p.  219. 
f  Wood,  Therapeutics,  p.  341. 
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However  this   may  be,  the   use  of  ammoninm  bromide  in  oar 
experiments  gave  rise  to  more  unpleasant  symptoms  than  the  use  of 
like  amounts  of  the  corresponding  potassium  salt.     Like  the  potas^ 
sium  salt,  ammonium  bromide  caused  increased  acidity  in  the  urine 
and  a  brighter  color.     As  to  its  influence  on  metabolism,  a  stady 
of  Table  No.  IV,  and  comparison  with  No.  HI,  plainly  shows  a 
decided  accelerating  influence  on  the  excretion  of  urea;  the  avenge 
of  the  results,  moreover,  shows  a  very  slight  diminution  in  the  excre- 
tion of  total  phosphoric  acid,  at  the  same  time  it  would  appear,  in 
accord  with  what  was  observed   with  potassium  bromide,  that  the 
diminution  was  greatest  with  the  smallest  amounts  of  bromide,  as  on 
May  0th  and  10th  and  on  the  13th  and  14th  after  withdrawal  of  the 
bromide.     With  the  largest  amount  of  ammonium  bromide,  on  the 
other  hand,  phosphoric  acid  appeared  to  be  increased  in  amount, 
thus  according  with  what  Dr.  Bill  observed  with  like  quantities  of 
potassium  bromide. 

The  average  difference  in  the  two  series  of  results  is  shown  by  the 
following  table : 

Average  of 
Table  No.  Ill  No.  TV 

without  (NH4)Br.  with  (NH4)Br. 

To  till  quantity  of  urine >  915  c.  c.  1072  c.  c 

Sp.  Or 1024,8  1024,4 

Total  solid  matters 543970  grams.  62*3608  g^ms. 

Total  P./)6 2-5G43  2-6130 

P./)o  in  combination  witli  Ca  and  Mg.  0*4972  0*6749 

Uric  acid 0-6599  0-6761 

ITrea 32-8579  34-6606 

It  is  thus  seen  that  diuretic  action  is  even  greater  with  the  ammo- 
nium salt  than  with  potassium  bromide ;  likewise  the  excretion  of 
both  urea  and  uric  acid  is  greater  under  the  influence  of  ammonium 
bromide  than  in  the  case  of  the  potassium  salt;  as  to  phosphoric  acid 
the  table  of  averages  shows  practically  nothing,  but  as  before  ob- 
served a  study  of  tlie  individual  results  does  indicate  some  action  of 
the  salt,  although  diminution  in  the  excretion  of  phosphoric  acid 
under  the  influence  of  animoniiun  bromide  cannot  be  so  surely  claimed 
as  with  the  potassium  salt. 

After  withdrawal  of  the  ammonium  bromide,  the  urine  was  exam- 
ined for  two  days  more ;  the  results  showing  the  same,  or  even  greater 
drop  in  the  excretion  of  urea,  observed  under  like  conditions  with  the 
potassium  salt  (Table  No.  V.).  Hence,  so  far  as  our  experiments  ex- 
tend, the  influence  of  the  two  salts  on  the  metabolism  of  the  body  is 
very  much  alike,  differing  only  in  extent  of  action ;  the  ammonium 
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salt,  as  might  be  expected,  cansing  the  largest  excretion  of  urea,  not, 
however,  necessarily  from  any  greater  iniluence  on  proteid  metabolism, 
but  merely  as  famishing  a  certain  amount  of  ammonia  to  be  excreted 
as  urea.  Finally,  our  results,  with  both  salts,  fail  to  show  that  dimi- 
mitioii  in  the  excretion  of  phosphoric  acid  to  be  expected  from  active 
hypnotic  agents,  and  in  this  respect,  therefore,  our  results  show  noth- 
ing antagonistic  to  Dr.  Bill's  conclusion  "that  bromide  of  potassium 
in  its  legitimate  action,  is  an  anaesthetic  to  the  nerves  of  the  mucous 
membranes  and  a  depressor  of  their  action.  Its  hypnotic  effects  are 
secondary." 


Infi.uenck  of  OiSciioNiniNE  SuLPHATK  on  Mktabolism.     By  R 

ClIIlTKNDKS    AND   HeNBY  [I.  WlIITEIlOUBB,   Pb.B. 

Wiiti.K  niiicli  attention  hns  been  paid  to  the  pliTstologicsl  atud 
UicciTichonaalkaloicb;  quinine  particularly  linvingbeen  experime 
with  by  BCventl  obsyrvera,  to  aHCcrtain  its  irifitieTicc  on  the  meti 
ism  of  the  body ;  we  have  not  hecn  able  to  find  any  recorded  f 
nients  hearing  on  the  action  of  the  closely  related  alkaloid,  cincl 
dine.  In  physiological  action,  quinine  is  taken  as  a  type  of 
group  ;  cinchonini-  is  statt-'d*  to  be  similar  to  quinine  bat  less  po 
fnl,  and  that  its  hiiitory  in  the  organism  is  parallel  with  that  of 
nine;  cinchonidino  is  likewise  slated  to  be  weaker  than  quinine 
in  physiological  action,  apparently  its  equivalent  when  taken  in  d 
one-third  larger.  Pri'Snmably,  theix'fore,  its  action  on  the  mcti 
mn  of  the  body  is  similar  to  that  of  ([uinine,  although  apparenti; 
alteinjit  has  bi'oii  made  to  dutcrmiuc  this  point.  In  view  of  the 
cial  action  of  iiuiiiinc  on  iiitrogeuoiis  metabolism,  we  have  devi 
our  attention  mainly  to  a  study  of  the  influence  of  cinchonitlinc 
the  excri'liou  of  uruu,  uric  acid,  phospboric  acid  and  chlorine. 
e\|i»TinHnts  witc  cotidutted  wholly  on  the  pei'son  of  one  of  us 
II.  \V.)  uixhr  unil'orrn  tioTnlitions  ot  .liet,  exercise,  etc.  The  i 
wtiglifil  '"It  acturiili-ly  each  day,  was  composed  of 
•iT,r,  fCTiinis  imiit  (iH'i'f ). 

14:i  K'mtiix  iiiilnl'H'!'. 


'Ibis  diet,  ilividi'il  inlu  lliiv  ilelinilc  portions  each  day,  was  ta 
for  fioine  time-  previous  ti>  tlic  rxjicriuionts,  so  that  the  system  tni 
become  acciislonu!(l  lo  it  aud  the  niotabolism  otthe  body  bmugbl 
a  constant  point.  'I'lii' body  wui^lit  was  determined  each  momi 
the  nritie  collectoil  from  nintt  a.  \i.  of  one  day  to  nine  A.  m.  of 
next,  making  the  2i  liours'  urine,  the  analysis  being  made  the  fli 


•  H.  ('.  Wood.  Tlitrapouties.  |> 
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day.  Urea  was  determined  by  Pflftger's  *  modification  of  Liebig's 
method,  chlorine  being  removed  by  a  standard  solution  of  silver 
nitrate.  Chlorine  was  determined  by  evaporating  10  c.  c.  of  the 
urine  with  a  weighed  amoant  of  potassium  nitrate  in  a  platinum  cru- 
cible, igniting  until  the  organic  matter  was  completely  removed,  dis- 
solving in  water,  acidifying  with  nitric  acid,  neutralizing  with  cal- 
cium carbonate  and  then  titrating  with  silver  nitrate  solution.  Uric 
acid  was  determined  by  Heintz^s  method  as  modified  by  Zablinsf  and 
phosphoric  acid  with  a  standard  solution  of  uranium  nitrate. |  The 
amount  of  solid  matter  was  calculated  by  the  use  of  Christison's 
formula. 

After  taking  the  above  diet  for  some  time,  the  urine  was  analyzed 
for  seven  consecutive  days  prior  to  the  exhibition  of  cinchonidine. 
The  results,  seen  in  Table  No.  I,  show  a  very  close  agreement  in  the 
daily  excretions. 

On  the  11th  of  May  the  first  dose  of  cinchonidine  sulphate  was 
taken.  The  alkaloid  salt  was  a  finely  crystallized  preparation  ob- 
.tained  from  Powers  and  Weightman.  The  daily  dose  was  usually 
divided  into  three  portions  and  taken  in  tiny  gelatine  capsules,  about 
five  hours  apart.  In  view  of  the  fact  that  cinchonidine  is  a  weaker 
alkaloid  than  quinine,  it  was  not  deemed  necessary  to  try  the  infiu- 
ence  of  very  small  doses;  on  the  first  day,  therefore,  15  grains  of  the 
salt  were  taken ;  on  the  second  day  21*8  grains;  on  the  third  day 
35*1  grains ;  and  on  the  fourth  50  grains,  making  a  total  of  12 1*9 
grains  of  cinchonidine  sulphate  in  four  consecutive  days.§  The  re- 
sults of  the  analyses  of  the  four  days^  urine,  as  well  as  those  of  the 
three  following  days,  on  which  no  cinchonidine  was  taken,  are  shown 
in  Table  No.  II. 

Comparing  these  results  with  those  in  Table  No.  I,  and  in  Table 
No.  Ill,  it  is  seen  that  cinchonidine  exercises  a  very  decided  influ- 
ence on  the  nitrogenous  metabolism  of  the  body.  Urea  is  at  once 
afiected :  its  excretion  on  the  first  day  even,  is  diminished  6  per  cent., 
while  on  the  second  day  it  is  diminished  10  per  cent.,  and  on  the  fourth 
day  when  the  largest  dose  of  cinchonidine  was  taken,  the  excretion 
of  urea  was  16  per  cent,  less  than  in  the  normal  urine.     The  influence 


*  PflQger'g  Archiv,  vol.  xxi,  p.  248. 

f  Die  Lehre  yom  Haro,  Salkowski  and  Jjeubc,  p.  94-95. 

X  Die  Lehre  vom  Harn,  p.  1 84. 

g  While  taking  the  larger  doses  of  cinchonidine,  an  intense  ringing  in  the  ears  was 
tenoiporarily  experienced  (cinchonism)  together  with  partial  deafness  and  slight 
dizziness.    On  one  or  two  occasions  a  slight  nausea  was  felt. 
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of  cinchonidine  on  the  elimination  of  urea  continues  to  be  felt 
after  discontinuing  the  use  of  the  alkaloid ;  thus  even  three  days 
after  the  last  dose  of  cinchonidine,  the  elimination  of  urea  is  6 
per  cent,  less  than  in  the  normal  urine.  On  the  fourth  day  it 
is  nearly  back  to  tlie  normal  amount  [see  Table  No.  III.],  and  on 
the  fifth  and  sixth  days  the  excretion  of  urea  rises  somewhat  above 
tiie  average.  Uric  acid  does  not  appear  to  be  correspondingly 
affected.  It  is  only  under  the  influence  of  the  largest  doses,  or 
rather  under  the  long  continued  action  of  the  alkaloid  that  the  ex- 
cretion of  uric  acid  is  diminished ;  thus  on  May  14th,  when  the  final 
dose  of  50  grains  of  cinchonidine  sulphate  was  taken,  the  excretion 
of  uric  acid  was  for  the  first  time  diminished ;  its  diminution,  how- 
ever, was  very  perceptible  and  it  continued  for  the  two  succeeding 
days,  after  withdrawal  of  the  alkaloid  salt.  Phosphoric  acid  was 
greatly  diminished  in  amount  under  the  influence  of  cinchonidine; 
the  diminution  commencing  to  show,  as  in  the  case  of  urea,  with  the 
first  dose  of  the  alkaloid  salt,  then  gradually  increasing  in  amount 
with  increase  in  the  dose  of  cinchonidine  until  maximum  diminution 
was  reached  on  the  day  after  the  final  dose  of  the  alkaloid.  The 
alkaloid  salt,  moreover,  appeal's  to  have  had  a  slight  diuretic  action. 

On  the  2 1st  of  May,  cinchonidine  sulphate  was  again  taken,  the 
results  of  the  analyses  of  the  19th  and  20th  showing  that  the  urine 
had  returned  to  its  normal  composition.  Accordingly, *95 '8  gi*ains  of 
the  salt  were  taken  on  the  21st  and  22il,  producing  the  same  results 
(Table  No.  III.)  as  noticed  in  the  first  series,  viz:  diminution  in  the 
amount  of  urea  and  uric  acid  excreted,  a  like  diminution  in  the  amount 
of  phosphoric  acid  and  an  increase  in  the  total  amount  of  fluid. 

Table  No.  IV.  shows  the  average  results  under  the  different  condi- 
tions of  the  experiments. 

It  is  evident  then,  that  cinchonidine  has  the  power  of  lessening  very 
materially  the  elimination  of  nitrogen,  i.  e.  the  consumption  of  tissue. 

lianke*  first  pointed  out  the  retarding  influence  of  (juinine  on  the 
elimination  of  uric  acid.  Zuntz  found  by  experiment  upon  himself 
that  25  grains  of  quinine  reduced  his  elimination  of  urea  nearly  40 
per  cent.  A  like  diminution  in  the  excretion  of  urea,  under  the  in- 
fluence of  quinine,  was  noticed  by  Rabuteau  in  experiments  upon 
dogs  and  also  by  Hermann  von  Boeck.f  The  most  interesting  ex- 
periinefits,  however,  with  quinine  are  those  carried   out  by  Dr.   G. 


*  Quoted  from  Dr.  H.  ('.  \V(K>d,  Thcrapcutk*s,  p.  74. 
\  Zeltsclirift  fiir  Biolojifie,  vol.  vii,  [>.  422. 
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Keriier,*  and  more  recently  by  Dr.  Priorf  and  Dr.  Sassetzky.J  In 
Dr.  Prior's  article  is  to  be  found  a  very  complete  account  of  the  liter- 
ature of  the  subject.  Dr.  Kerner  found  that  taking  9*3  grains  of 
quinine  hydrochloride  per  day  in  divided  doses,  for  3  days,  making 
a  total  of  27*9  grains,  caused  a  diminution  in  the  excretion  of  urea, 
amounting  on  an  average  for  the  three  days  to  12  per  cent.,  while  the 
excretion  of  uric  acid  under  like  conditions  was  diminished  54  per 
cent.  Phosphoric  acid,  too,  was  diminished  somewhat ;  on  an  aver- 
age about  4  per  cent,  per  day.     Diuretic  action  was  very  slight. 

With  larger  doses  of  quinine;  77*5  grains  of  the  hydrochloride  in 
divided  doses  during  three  days ;  diuretic  action  was  quite  pro- 
nounced, the  average  increase  in  volume,  amounting  to  200  c.c. 
Moreover,  urea  was  diminished  on  an  average  23  per  cent,  per  day, 
uric  acid  82  per  cent,  and  phosphoric  acid  15  per  cent.  Oppenheim,§ 
however,  by  a  dose  of  30*8  grains  of  quinine  found  an  increase  in  the 
daily  excretion  of  urea  amounting  to  4  grams,  and  he  considers  that 
Kemer's  results  are  due  to  diminution  of  digestive  action.  It  is  cer- 
tain that  both  quinine  and  cinchonidine  do  interfere  with  the  pro- 
teolytic action  of  the  gastric  and  pancreatic  juices,||  but  this  retarding 
action  can  hardly  be  taken  as  explaining  in  full,  the  results  obtained 
by  Kerner  or  those  obtained  by  us  with  cinchonidine. 

Prior,  moreover,  by  very  carefully  conducted  experiments  with 
quinine,  has  completely  corroborated  Kerner's  results  and  has  shown 
ill  addition,  by  a  daily  determination  of  nitrogen  in  the  ftoces,  that 
diminution  of  urea  and  uric  acid  is  not  due  to  lack  of  digestive 
action,  as  suggested  by  Oppenheim.  Prior's  results  show  on  an  aver- 
age, without  reference  to  the  size  of  the  dose,  the  following  effects 
of  the  quinine.l^ 

Qaantity  of  Urlr;  Sodium  Sulphurk*        PlioHphoric 

arlnc*.  UroH.  acid.  clilorlde.  acid.  acid. 

increase  decrease        decrease        decrease        decrease        decrease 

10-65  percent.         19*60  Jg  72*29^1^  9*06  jg  3370  j^  2338^ 

Sassetzky's  results  with  fever  patients,  also  corroborate  Kerner's 
statements. 


*  Pfliiger's  Archiv,  vol.  iii,  p.  104. 

t  Ueber  den  Rinfluss  doa  Chinin  auf  den  Stoffwochsel  des^gesundeu  Organismus. 
Pfliiger's  Archiv,  vol.  xxxiv,  p.  237. 

X  Ueber  den  Klufliiss  fieberhafte  Ziistande  und  Antipyretischer  Beliandlung  auf 
den  Unisatz  der  stickstoffhahigen  Substanzon  und  die  Assimilation  sticlcstoft'-haltiger 
Bestandtheile  der  Milch.     Virchow's  Archiv,  vol.  xciv,  p.  485. 

%  Pfluger'a  Archiv,  vol.  xxiii,  p.  476-477. 

I  Chittenden  and  Allen ;  Chittenden  and  Cummins.     Trans.  Conn.  Acad.,  vol.  vij. 

Tf  Ptluger's  Archiv.^vol.  xxxiv,  p.  203, 
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I  T'  ".c   ■-  =it:a  ••   >sTi : :  &  iirv:':  fcrrj.-i  :c  "lie  &Ik&k4d  apon  the  odl 

:  I.i  r  A .:..:.-.  i.- 1-  .i^-:  : i-   k.  cL-  •  i    i-  -i  r-cLe*  <i-3e»  unite  vith 

.  :r  i.v.  *   :-  :•  :<:■:::■  :  s.  a*  :.  rrc-irT  n  .«»  dmuIiIt  deeoi 

•  ji'»lt.     M^Vi     :  *»i.!-.-4  la"  -1.:  *.:■:  -n-rrrirT.  ««rtunlT  form  compc 

wi:"  i  ■  .:-:  -  ■.:*::  :  j  :  v-'Ti:«:-ki:-!t-  &;«>  aI*o  doefr  arsenic,  i 
Ivy-.k  •- .^jr-^>  "■-  i"  :."t-^  — -t"^  -•.  :-:»"v>c:*  :iaite  with  the  pi 
::i.iV.or  :  '.'■.-.  -i-.i-  .  rr^ -*  ::"  '.i-r  S -iv.  n'.Ie  qainine  anitei 
I  *.y  w.-.  ■."..-.  ,■:.-:  *:.  ,:  k. :.-.:- tx:  ^si-z  in  tai*  manner  the  i 
I- ■:::::  :■.»•-■   *  ..■     -    -.^   .-  t:  :.!-«•£  "b:*.*   ;':.«  >I*>t  tfxcretion  of 

o;ir\  r  .;:vl  .  .  ::t  i::-::  :  »:.: 'i  v.  l>.>rok*  has  shown  has  lit 
any  ::.:!  u:  .-x  :.  :-.:c::  =:?:*  •  .:*:r..  Prir-r.  moneovery  states 
i  1  i  111 : :  w.  •.:.:■  :  ■  -,  : r. "  -.  . :  : ":  -.  zz  :-;  :  ^-i i  r:*  oi  nitrogenous  met 
i>ni  i--  -i-.it. :.;:  :    ":.::  ;-.  r..  j  ::"  :ir-r  rx:r^i:oL.  bai  to  actual  hind 

I.\»!ui'.iri:.^  :  ^-vfc-   K^rTtr'^  rv>-":s,  v::h  the  rv^olts  obtained! 
with  vir.i.'!.-':.;! *.:.«:.  wt  >*^  ^itva:  >:r-::'.irl:y  of  action  bat  decided 
t\Tr!Ji"0  \r.  i\:e!i:,  i'Ar::cv.*Ar*v  -v."^  r-ir  A?  the  excretion  of  uric  ac 
coiK-i-riu-'l.     With  o:!".v'?.-. ::.:::-. c.  ::.r  gT>:a:eit  average  daily  dii 
tioii  ill  uv'w  :w\'\  :\\\\-\i:\'<  :•>  but    I?  i^r  oeat.,  and  this  after  ta 
ii)»i.iut  IJl   srr.iiiis  of  :?u-  Alkaloid -iurlriir  four  c^.>nsecative  days. 
k'cliiii:  tlio  l.»\Vi'>i  siiisrlo  rcs;!:.  'A. si  obtaint^i  on  the  day  50  g 
oi  i-ii;oh«Mii<iiiu'  wi^rt-  takon  a:.!  co::: paring  the  dlmination  then, 
llii'  :i\r!:ii:«.-  ih-rinal  ixoreti^^r.,  it  i^  >«:ii  to  amount  to  but  26 
mit.     In  tlu'  caso  «.^f  ur^.;i  av.-.i  {h-^^i'horio  acid,  the  divergence  ii 
sii  jrrcMi ;  iliM'*  U'T  uiva  'Aiv  avvnisiv  -laily  ^liminiition  wa*  11  per 
f'^n-  ilir  tlirtv  «l:iv^  follow iui:  tlu-  last  •lo^t-  of  cinehonidine,  whil 
gix-ate-t   •runiiiutioii  iiotico*!  in  any  one  day  was  16  per  cent. ; 
|>li()sp)i<irio  ai-iil  tlio  average  iliminution  for  the  same  period  amou 
to  \U  per  crnl..  wliile  the  greatest  iliminution  noticed  anyone 
was  :\**  ])er  cent.;   a  iliminution  wiiicli  at  no  time  was  reachc 
Kerner's  experiments  with  quinine. 

Tlius  in  drawing  a  comparison  between  KernerV  rcsnlts  with 
grains  of  qnininc  distribntefl  through  tliree  days,  and  our  results 
121  grains  of  cinehonidine  extended  over  four  days,  we  see  two  c 
ing  points  of  difference ;  with  quinine  there  is  a  diminution  h 
amount  of  uric  acid  excreted  of  s2  per  cent.,  with  cinchonidin 
average  diminution  of  but  15  per  cent.  ;  with  quinine  there  is  a  di 
ution  of  phosphoric  acid  amounting  to  15  per  cent.,  with  oinol 
dine,  on  the  otiier  liand,  a  diminution  of  19  per  cent.     Hence  it : 

•  'Aii'iiMifid  fur  Hiolof^ie.  vol.  vii,  p.  430. 
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be  seen  that  cinchoDidine  has  a  far  less  pronoanced  specific  action  on 
the  excretion  of  uric  acid  than  quinine,  while  on  the  other  hand, 
diminution  of  phosphoric  acid  is  much  more  pronounced  with  ciiicho- 
nidine  than  with  quinine.  In  Prior's  experiments,  however,  with  qui- 
nine, diminution  of  phosphoric  acid  is  more  pronounced. 

Is  this  diminution  in  the  excretion  of  phosphoric  acid  under  the 
influence  of  cinchonidine  to  be  attributed  simply  to  decrease  of  pro- 
teid  metabolism,  or  is  it  in  part  due  to  a  special  action  of  cinchoni- 
dine on  the  metabolism  of  some  phosphorized  principles,  presumably 
those  of  nerve  tissue  ?  If  due  to  general  decrease  of  proteid  meta- 
bolism, we  might  expect  to  find  that  the  addition  of  any  non-nitro- 
genous principle  to  our  fixed  diet,  whereby  the  decomposition  of 
albuminous  matter  would  be  diminished,  would  cause  a  corresponding 
decrease  in  the  excretion  of  phosphoric  acid,  or  in  other  words  that 
diminution  of  urea  and  phosphoric  acid  excreted,  would  be  in  the 
same  ratio  as  noticed  under  the  influence  of  cinchonidine. 

This  question  we  have  endeavored  to  answer  by  a  study  of  the 
influence  of  pure  glucose  on  the  elimination  of  urea,  uric  acid,  and 
phosphoric  acid,  under  the  same  conditions  of  diet  etc.,  as  observed 
in  the  experiments  with  cinchonidine. 

The  influence  of  carbohydrate  food  on  proteid  metabolism  has  been 
illustrated  in  many  ways  by  various  investigators,  but  so  far  as  we 
know,  no  experiments  with  pure  glucose  have  ever  been  tried. 
Through  the  courtesy  of  Dr.  Arno  Behr,  of  Chicago,  we  have  been 
supplied  with  an  abundance  of  chemically  pure  anhydrous  glucose, 
which  we  have  used  in  the  following  experiment.  Before  taking  the 
sugar,  the  urine  was  analyzed  for  ten  consecutive  days,  to  insure  an 
accurate  average  of  the  normal  excretion  under  the  conditions  of  the 
experiment.     The  results  are  shown  in  Table  No.  V. 

200  grams  of  glucose  were  then  taken  daily  in  addition  to  the 
fixed  diet,  for  nine  consecutive  days.  The  effect  on  the  excretion  of 
urea,  etc.,  is  shown  in  Table  No.  VI.  At  no  time  was  sugar  to  be 
detected  in  the  urine  by  Trommer's  test.  A  comparison  of  the  two 
tables  shows  the  usual  effects  of  carbohydrate  matter  on  the  excre- 
tion of  nitrogen,  viz  :  a  diminution  in  the  amount  of  both  urea  and 
uric  acid.  The  volume  of  the  fluid  excreted,  appears  to  be  consider- 
ably lessened  by  taking  the  glucose.  The  excretion  of  phosphoric 
acid  is  likewise  diminished. 
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Those  points  of  diiTcrence  are  all  sliown  more  clearly  in  the  f 
ing  table  of  averages  : 

Avcnifre  of 

Normal  Urine  tinder  i 

urloL*.  Influence  of  gin 

Total  quantity  urino lOIJO  c.  c.  938   c. 

Sp.  gr 10271»  1028 

Total  solid  matters G8Ii7  grump.  63*62  g 

Chlorine 0*78  G-31 

Total  1V)6 3-00  2-75 

Uric  acid 0-88  072 

Urea 45*47  40*94 

Coming  now  to  the  point  at  issue,  viz  :  the  relation  betwe< 
amounts  of  urea  and  phosphoric  acid  excreted,  we  find  that 
the  influence  of  glucose  the  average  diminution  of  urea  amoui 
10  per  Cent.,  while  the  average  diminution  of  phosphoric  acid 
the  same  conditions  is  8*34  per  cent. 

With  cinchonidine,  on  the  other  hand,  the  average  diminut 
urea  amounts  to  but  S'8  ])er  cent.,  while  the  average  dimiDUt 
phos])lioric  nci<l  under  like  conditions  is  irO  per  cent.  Or, 
take  the  average  of  the  tliree  days  following  the  last  dose  of  c 
ni<line,  when  both  urea  and  phosphoric  acid  reach  their  max 
diminution,  and  compare  these  results  with  the  average  of  th( 
mal  excretion  we  see  that  while  the  diminution  of  urea  amou 
10*4  [MM*  ctMii.,  the  average  <liminution  of  phosphoric  acid  is 
to  ISU7  percent.  Conseijuently,  it  would  appear  that  while  c: 
nidine  lowers  the  rate  ol"  decomposition  of  proteid  matter  i 
body,  it  also  has  an  ellect  upon  the  decomposition  of  some  ph( 
ri/ed  principles,  that  being  the  only  plausible  explanation  o 
increasod  diminution  of  phosphoric  acid  noticed  under  the  infl 
of  the  cinchonidine  salt. 


TiiK  Post-mortem  Formaiton  of  Sugar  in   the  Liver,   in   the 

PRESENCE  OF    PePTONES.       By  R.   H.  ChITTENDEN  AND    ALEXAN- 
DER Lambert,  B.A.,  Pii.B. 

Claude  Bernard's  discovery  in  1848,  that  the  liver  contains 
sugar,  both  before  and  after  death,  led  at  once  to  the  inquiry  as  to 
the  source  of  the  sugar.  This  was  apparently  answered  by  Bernard's 
later  discovery  of  glycogen,  an  amylaceous  body  readily  convertible 
into  sugar  by  acids  and  various  ferments.  Thus,  Bernard's  theory 
that  the  liver  sugar  resulted  exclusively  from  glycogen  has  long  been 
an  accepted  fact.  In  1880,  however,  Seegen  and  Kratschmer  in  the 
first  of  a  series  of  investigations,*  state  that  the  sugar  formed  in  the 
liver  does  not  have  its  origin,  as  supposed  by  Bernard,  wholly  in  gly- 
cogen but  that  it  is  undoubtedly  formed  in  part  from  other  material. 
In  a  later  communicationf  the  same  investigators  show,  in  corrobora- 
tion of  their  previous  statement,  1.  that  the  amount  of  sugar  in  the 
liver  is  increased  very  rapidly  after  death,  in  one  case  nearly  50  per 
cent,  of  the  entire  amount  being  formed  within  10  minutes,  while  the 
whole  process  comes  to  an  end  inside  of  24  hours ;  2.  that  the  glyco- 
gen formed  in  the  liver  is  much  more  resistant  to  ferment  action  than 
has  hitherto  been  supposed  and  that  consequently  the  post-mortem 
formation  of  sugar  by  the  action  of  a  ferment  upon  glycogen  could 
not  take  place  so  rapidly  as  the  above.  Moreover,  direct  experi- 
ments with  dogs  and  with  rabbits  showed  that  in  the  first  few  hours 
after  death,  there  was  but  little  if  any  diminution  in  the  amount 
of  glycogen.  Hence,  Seegen  and  Kratschmer  claim  that  the  amount 
of  glycogen  remaining  essentially  the  same,  while  the  amount  of 
sugar  is  greatly  increased,  tends  to  show  conclusively  that  the 
liver  sugar  must  be  formed  from  some  other  material  than  glycogen 
and  they  venture  the  opinion  that  this  source,  whatever  it  may  be, 
furnishes  all  of  the  liver  sugar. 

Boehm  and  Hoffmann, J  however,  take  exception  to  the  views  of 
Seegen   and  Kratschmer,  claiming  possible  analytical  inaccuracies 
from  the  methods  of  procedure.     They  show,  moreover,  by  experi- 

*  Uebor  ZuckorbilduDg  in  der  Lober.     Ptiuger's  Archiv,  vol.  xxii,  p.  23G. 
f  Pfliigor'a  Archiv,  vol.  xxiv,  p.  467. 

X  Ut'^ier  <lie  postmortal©  Ziickorbiklimg  in  der  Leber.     PflijgorV  Archiv,  vol.  xxiii, 
p.  205. 
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niciits  on  oats  ami  dogs,  that  at\er  death,  contrary  to  the  a 
HUM) Is  of  Si'ogtMi,  incroaseil  formation  of  sugar  is  attended  with  a 
respomiiiig  decreasi?  of  glycogen,  at  least  within  such  limits  as 
incidiMit  to  the  errors  of  experiment ;  further  that  in  the  case 
cat's  liver  :^2  per  cent,  of  the  liver  glycogen  disappeared  in  24  li 
after  dcatli,  tinis  indicating  less  resistance  to  the  action  of  ferw 
than  would  be  implied  hy  Seegen's  and  Kratschraer's  results. 

In  a  later  investigation,*  Seegen  shows  that  pieces  of  finely  div 
liver,  kept  in  contact  for  an  hour  or  longer  with  a  solution  of 
tone  yicM  a  larger  amount  of  sugar  and  even  of  total  carbohydr 
than  ecpial  weights  of  the  same  liver  under  like  conditions  of  t 
iiient,  without  peptones.  These  results  were  obtained  with 
livers  of  calves,  rabbits  and  «logs.  Seegen,  therefore,  concl 
that  the  liver  is  capable  of  forming  from  peptones,  sugar  and  cs 
hy<lrates  which  are  convertible  into  sugar. 

A  stu«lv  of  the  analvtical  data  i)lainly  shows  that  the  increaf 
sugar  and  total  carbohydrates  in  the  presence  of  peptone,  alth< 
pronounced,  is  not  great.  The  following  expcrimentf  with  a  c 
liver  obtained  from  the  market  shows  the  most  marked  increase. 


Willi 

prptunr. 

Without  peptonr. 

Tlini'  of  thi* 

T«>tul 

Total 

No. 

I'Xpi'rlnii'.iit. 

simnr. 

ri)|-tH>hy(lrHte«. 

Sugar. 

GArbohjrdnit 

I. 

;{•)  inimitos 

:;si  ■; 

;k>2  % 

3  40;r 

8*8  j( 

II. 

IS  hours 

;{•:.•; 

S-02 

8-70 

8-6 

III. 

IMI 

•j-«;»; 

SMK) 

2-82 

7-8 

Here  the  increase  in  total  carbohydrates  is  seen  to  be  only  0*75 
cent,  and  of  sugar  only  0-44  per  cent,  after  30  minutes.  In  Noi 
and  III,  longer  slan<ling  in  Ctnitact  with  the  peptone  tends  to  re 
the  amomit  of  sugar  and  to  diniinish  the  increase  of  total  carb 
drates.  This  is  attended  with  increase  of  acidity  and  Seegen 
siders  that  a  i)orlion  of  the  sugar  is  decomposed  in  this  long  coi 
with  peptone  with  ft)rniation  of  acid. 

In  a  still  later  communication, J  Seegen  reports  the  results  of  c 
experiments  tending  to  confirm  his  theory  of  the  formation  of  ci 
hydrate  mutter  from  peptones  in  the  liver.  Thus,  by  feeding  pept 
to  dogs,  Seegen  found  that  the  content  of  sugar  in  the  live 
eight  dogs  was  considerably  greater  that  in  the  normal  liver,  ta 
for   the  latter   value  the   average  of  a   number  of  determinat: 


*  Die  Einwirkun^r  cler  Lobor  aiif  IVptou.     Pflugor's  Archiv,  vol,  xxv,  p.  165. 
f  PttQger'a  Arcliiv,  vol.  xxv,  p.  171. 

t  Pepton  a  1.9   Matoriiii   fiir  Zuckcrl)iMunK  in  der  Leber.     lUiiger's  Archiv, 
zxviii,  p.  D9. 


Liver                 Total 
inijfftr.        carbohydrates. 

Glycojftin. 

3-04  %              6-9  % 

2'\2% 

3-87                 8-4 

2-02 

of  Sugar  in  t/ie  Liver ^  in  tlie  presence  of  Ptptones.  173 

Likewise,  by  the  injection  of  peptone  solutions  directly  into  the 
portal  circulation  of  dogs,  Seegen  found  the  amount  of  sugar  in 
the  liver  increased  two  and  even  nearly  three  times  above  the 
normal  amount.  Lastly,  by  warming  portions  of  freshly  excised 
liver  at  40°  C,  with  a  solution  of  peptone  in  water  and  some  fresh, 
defibrinated  blood,  through  which  a  constant  current  of  air  was  made 
to  pass,  the  amount  of  both  sugar  and  total  carbohydrates  was  con- 
siderably greater  than  under  like  conditions,  but  without  pej)tones. 
The  following  experiment*  taken  from  Seegen's  account,  illustrates 
the  average  increase  of  carbohydrates  under  this  method  of  treatment. 
Two  portions  of  a  dog's  liver  taken  15  minutes  after  death,  were 
mixed  with  50  c.  c.  of  water  and  50  c.  c.  of  defibrinated  blood.  To 
one  portion  5  grams  of  peptone  were  added  and  air  passed  through 
the  mixture  for  5  liours.     Following  are  the  results  obtained  in  both: 

Wt.  of  portion 

of  llvf  r.  Method  of  treatment. 

40  grams.         without  peptone  and  blood,        3'04  % 
40       **  with  peptone  and  blood, 

Other  experiments  indicated  that  peptones  theinselvos  are  without 
diastatic  action  and  that  the  blood  and  air  (to  form  oxyhaemoglobin) 
are  by  themselves  without  influence  on  the  liver.  Hence  Seegen 
concludes  that  the  liver  cells,  retained  in  a  living  condition  by  the 
action  of  blood  rendered  arterial  by  a  current  of  air,  are  capable  of 
forming  from  peptone  more  or  less  sugar ;  thus  establishing,  if  true, 
that  the  animal  organism  is  able  to  form  carbohydrates  from  albu- 
minous material. 

This  is  certainly  a  very  important  question,  for  if  Seegen's  views 
are  correct  they  overthrow  the  long  accepted  belief  in  the  origin  of 
liver  sugar  in  the  hepatic  glycogen.  It  is  true  that  Bernard  himself, 
before  his  discovery  of  glycogen,  thought  that  the  liver  sugar  origi- 
nated in  albumin  and  there  have  always  been,  up  to  the  present  time, 
difficulties  in  explaining  the  origin  of  liver  carbohydrates  on  the 
dehydration  theory  alone.  As  is  well  known,  a  certain  amount  of 
glycogen  is  formed  during  a  purely  animal  diet  and  in  chronic  eases 
ot  Diabetes  the  excretion  of  sngar  is  continued  even  on  a  pure  albu- 
minious  diet.  Moreover,  the  suggestion  has  been  before  made  that 
peptones  in  their  passage  through  the  liver  undergo  change.  Thus 
Plosz  and  Gyergyaif  noticed  that  while  considerable  pe|)tone  was  to 
be  found  in  the  blood  of  the  mesenteric  veins  and  more  or  less  in 


*  Pfiuger's  Archiv,  vol.  xxviii,  p.  123. 

t  Uober  Peptone  und  Ernahrung^mit  deuselbon.     Pfliiger's  Archiv,  vol.  x,  p.  530. 
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tlie  livLT,  only  tlio  merest  trace  was  to  be  found  in  the  blood  of  the 
}ie])atic  vein,  indicating  thereby  a  decomposition  of  ]>eptone  io  iti 
passage  througii  the  liver. 

Maydl*  claims  that  since  the  ])roduct8  of  the  decomposition  of  til 
Ibrms  of  glycogen  are  the  same,  it  follows  tliat  the  glycogens  them- 
selves  are  all  identical,  and  since  it  is  extremely  improbable  that  ihe 
various  carbohvdrates  with  their  different  chemical  constitutions 
should  give  one  glycogen,  he  argues  that  it  all  must  come  from 
oiM'^sourco,  viz:  albumin. 

This  is  not  tlie  place,  however,  to  discuss  the  relative  merits  of 
the  dehydration  and  storage  theories,  it  is  enough  simply  to  undw- 
stainl  iliat  the  possible  origin  of  liver  sugar  in  proteid  matter  is  one 
which  would  mak(^  clear  many  hitherto  unexplained  points.  The 
srreat  obstacle,  has  been  to  understand  where  and  in  what  manner 
the  liver  sugar  couhl  be  so  formed.  Seegen's  views  therefore  are  of 
great  importance,  and  are,  moreover,  in  no  sense,  wholly  inconsistent 
with  previous  ideas,  but  the  question  at  once  suggests  itself  whether 
the  analytical  data  on  which  they  are  founded  are  sufficient  to  wa^ 
rant  their  adoption. 

The  delerminalion  of  sugar  in  organic  fluids  is  not  without  diffi- 
culty, and  where  slight  variations  in  results  may  cause  differences  of 
half  a  per  cent,  or  more,  it  becomes  an  extremely  delicate  matter  to 
determine  how  far  such  results  shall  be  trusted.  Consequently,  what- 
ever mav  be  said  as  to  whether  the  formation  of  sujjar  in  the  manner 
indicaled  by  Seegen  is  a  natural  or  an  artiiicial  process,  we  need  first 
o!"  all  to  know  positively  whether  the  liver  under  any  cii*cumstance9 
is  able  to  form  sugar  or  (^her  carbohydrate  matter  from  peptones. 
This  all  hinges  on  the  accuracy  of  Seegen's  results,  obtained  by- warm- 
ing jjortions  of  liver  with  ])eptones.  If  an  increase  of  sugar  and  total 
carbohydrates  is  found  in  the  presence  of  peptone,  then  we  must  con- 
clude that  the  latter  has  at  least  some  influence  on  the  formation  ol 
the  liver  sugar.  IJeeent  experimentsf  have  plainly  shown  that  neutral 
peptone  has  a  stimulating  influence  on  the  amylolytic  action  of 
ptyalin  of  saliva  and  diastase  of  malt;  both  of  these  ferments  convert 
more  starch  into  sugar  in  the  presence  of  peptone  than  without  audit 
is  natural  to  supi)ose  that  the  presence  of  peptone  would  similarly 
affect  the  amylolytic  ferment  which  presumably  acts  upon  glycogen. 
Seegen's  results,  however,  appear  to  show  that  while  sugar  is  increased 


*  Zoltsolirift  fiir  pliy?<it>l.  (-lu'iii..  vol.  Hi,  p.   190.     Ucbor  dio  Abstaramung  des 
OlykoffonH. 
f  Trans.  Conn.  Aca<l.,  vol.  vi,  p.  ;>43,  vol.  vii,  p.  44. 
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in  the  presence  of  peptone^  glycogen  remains  nearly  stationary,  or  if 
diminished^  not  at  all  in  proportion  to  the  increase  in  sugar.  Boehni 
and  Hofiuiann,  however,  found  the  liver  glycogen  much  less  resistant 
and  that  its  decrease  was  in  proportion  to  the  increase  in  sugar. 
Delprat,*  too,  came  to  similar  conclusions  and  could  obtain  no  proof 
whatever,  of  the  correctness  of  the  views  advanced  by  Seegen  and 
Kratschmer.  We  have,  therefore,  in  view  of  the  importance  of  the 
subject,  undertaken  a  study  of  the  question  in  the  hopes  of  throwing 
some  additional  light  upon  the  matter.  In  this,  however,  we  have 
limited  ourselves  entirely  to  a  study  of  the  post-mortem  formation  of 
sugar  and  carbohydrates  by  the  liver  in  the  presence  of  pej)tones. 

Methods  employed. 

The  animals  experimented  with,  mainly  rabbits,  were  killed  by 
severing  the  jugular  vein,  the  blood  being  collected  and  detibrin- 
ated.  The  liver  was  quickly  taken  out,  the  gall  bladder  removed 
and  the  liver  then  converted  into  a  fine  pulp  by  chopping,  since  it  is 
probable,  as  v.  Wittich  has  suggested,  that  glycogen  is  unequally 
distributed  through  the  liver.  Two  equal  portions  of  the  sampled 
and  finely  divided  liver  were  accurately  weighed  out  and  placed  in 
separate  fiasks ;  one,  with  a  solution  of  pei)tone  and  a  known  volume 
of  blood,  the  other  with  an  amount  of  distilled  water  equal  in  vol- 
ume to  that  of  the  two  former.  Both  were  tlien  placed  in  a  bath 
and  warmed  at  38-40*  C.  for  the  time  of  the  experiment.  A  con- 
tinuous current  of  air  was  made  to  pass  through  the  blood  solution 
in  order  to  render  it  arterial.  At  the  end  of  the  experiment,  the 
mixtures  were  poured  into  boiling  water  and  extracted  as  long  as  a 
trace  of  glycogen  could  be  detected  in  the  fluids,  by  the  iodine  test. 
This  usually  took  about  two  days,  working  on  an  average  with  40 
grams  of  liver.  At  the  beginning  of  the  extraction,  the  tissue  was 
generally  boiled  with  400-500  c.  c.  of  water  for  about  fifteen  minutes 
and  then  filtered  through  a  funnel  plugged  with  absorbent  cotton. 
By  repeating  this  operation  four  or  five  times,  the  greater  j)ortion  of 
glycogen  could  be  removed,  but  a  complete  extraction  could  be  ob- 
tained only  by  long  continued  boiling  with  fresh  quantities  of  water 
or  long  heating  on  the  water-bath,  the  tissue  being  ground  up  occa- 
sionally in  a  suitable  mortar.  The  various  filtrates  were  evaporated 
CD  a  water-bath  and  finally  united  and  made  up  exactly  to  500  c.  c, 
after  which  the  extracts  were  filtered  through  dry  paper  filters  to 

♦  Jahreabericht  ftir  Thierdiemio,  1881,  p.  321. 
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roiuovo  any  traoos  of  suspondeil  matter  which  might  have  passed  the 
ooitoii.  0(  thosi'  tliiitis,  200  o.  e.  of  each  were  nsed  for  the  detff- 
m illation  y^(  ixlvooijon  ani  s«j;ar,  ami  200  c.  c.  also,   for  the  detenni- 

nation  ot'iotal  i'arl»ohyilratos. 

Ihffrmimifi'oh  "f'/li/i\''/*h  *7ntf  stft/iir. — The  200  c.  c.  of  fluid  for 
tlio  ilotorniinaiion  o\  irlyooiTon  and  suirar  were  eraporated  to  a  smill 
bnlk  aiul  tluMi.  whon  oool,  prooipitatoii  by  a  large  volume  of  alcohol. 
\\'wv  staiuHii;;  'J4  hours  the  oloar  Mi|>ornataiit  fluid  was  filtered  from 
llio  ]»nvi|»iiati'd  jrlyooirtii  and  |H»ptonfs.  The  alcoholic  filtrate  and 
\v;i>]iiinrs  i*«»iuainiii;j:  iho  snirar,  wore  then  evaporated,  the  residue 
dissohod  in  water  and  made  up  to  luO  c.  c,  in  an  aliquot  portico 
ol'  wluoh  ilu'  sugar  was  detennincd  gravi metrically,  by  AllihnV 
improved  mothod. 

Tlio  prooipiiaii-  of  iilyoogon,  with  its  frequent  admixture  of  pep- 
ti>nt\  was  di<>ol\id  in  \\alor«  the  sohition  made  up  to  200  c.  c  and 
ilitMi  MitVu-ii'iu  1<>  p^r  ocnt.  hydrochloric  acid  added  to  make  tbe 
>ioIution  eoiitaiii  J  p=  r  ooni.  IICI.  The  mixture  was  then  heated  in  ft 
elo»4tMl  tla>k  at  lOu '  t'.  for  17  hours  in  order  to  convert  the  glycogen 
into  di'\tioNi>.  alter  whi^h  the  sohilion  was  neutralized,  concentrated 
soiiu'w  hat.  auain  niadf  up  to  JOo  e.  e.  and  in  an  aliquot  portion  of 
lhi>  ihiid.  dr\lri»M'  w:i>  dili  riniiKd  bv  Allihn's  method,  from  which 
was  raliulait'd  tin-  amount  and  peiventage  of  glycogen.  Delpralf 
>taii'*i  tiiat  in  aiimiptin'j:  to  dot  ermine  glyeogon  by  BrQcke's  method 
Iio  lomul  I  hi'  iv-uliN  ivMi>idorably  hi'j:lKT  than  when  the  isolated  gly- 
ii>i::i'n  wa*i  eoj;>i!ud  intt»  <u;^ar  by  boiling  with  acid  and  the  glyco- 
u:rn  calenlatrd  from  tiu-  ilata  obtained.  In  our  own  experiments,  the 
tVi'ipuiii  pu  Nviirr  of  I'l  piiMie  piwented  entirely  the  use  of  Brtlcke's 
nuthotl.  r:  honr>  lu  aiin::  at  1"0  C,  however,  with  2  per  cent  : 
liN.ln'i  hlnrit'  arid  w a>  'lound  in  our  ease  insufficient  to  completely  j 
i-on\i'it  {\w  •^l\eoL:rii  ir.i.»  vievtiose,  wliile  17  hours  was  foand  amply  : 
MilVii'iiMii  t'.»r  .iMiipUte  e.Miver>ii»n  and  at  the  same  time  allowed  no 
deeompoNiiiv^'i  ,«f  tlu"  ^iiuar  fornuil.  This  is  well  illustrated  by  the 
fi^lli>\\  in*:  r\piTinii'n;< : 

A.  oThtr*  i^rani  ]k\\\\  ilriid  i:lveoi;i.'n  dissolved  in  100  c.  C  of 
water,  wa<  luaii'l  at  l«»'*  C\  tor  IJ  liours  with  sufficient  hydrochloric 
arid  ti«  iuak«»  tlu'  nuiri-  tbiid  eoniain  exaetly  2  per  cent.  The  solution 
was  mutrali/id.  eaiv  bi-iuLr  taken  that  the  reaction  did  not  become 
alkalino,  then  ^-ono^  nirated  aiul  tinally  made  up  to  50  c.  c 

1  \  k'.k\  ^'a\,-  0  iJ". .'«  i.:.:i::  C..='.'-":'l  cr.un  donroso=0"'2025  gram  glycogen. 
\\    •■        •■     U  i::.:i      •■     k' :;='.' Jiv-S  ••       =0*2036  " 

*  Zi'i>v'l.ri:t  i\.r  a:i;ihi:s/:A'  I'hoiuio.  xxii,  p.  448. 
\  Jal;roil>erichi  fiir  Thierchemie.  lSi>l,  p.  322, 
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The  14  c.  c.  should  have  contained  0*2414  gram  dextrose,  the  equiv- 
alent of  0*2146  gram  of  glycogen. 

B,  0*6190  gram  glycogen  dissolved  in  100  c.  c.  of  water  was  heated 
at  100°  C.  for  17  hours  in  the  presence  of  2  per  cent,  of  hydrochloric 
acid.  Solution  was  then  neutralized,  evaporated  and  made  up  to  50  c.c. 

18  cc.  gave  0*4586  gram  Cii  =.0-2470  gram  dextro?eaeO-2223  gram  glycogen. 
18    •*       *'      0-4656     *'      Cu=0-2454  *'  =0-2208  ** 

The  18  c.  c.  should  have  contained  0*2475  gram  dextrose,  equal  to 
0*2228  gram  of  glycogen.  Hence,  it  is  seen  that  17  hours  heating  at 
100**  C.  is  needed  for  a  complete  conversion  of  glycogen  into  dextrose, 
which  was  the  time  invariably  employed  in  the  after  experiments. 

Influence  of  peptone  on  the  converaion  of  glycogen  into  sugar  by  2 
per  cent.  BCl  at  100®  C— The  question  naturally  suggested  itself  in 
this  connection  whether  the  presence  of  pe])tone  would  interfere  in 
any  way  with  the  complete  conversion  of  glycogen  into  dextrose  or 
whether  the  peptones  by  this  long  heating  at  100"  C.  with  the  acid, 
would  undergo  any  change  by  which  reducing  bodies  might  be 
formed  and  thus  endanger  the  accuracy  of  the  results.  The  latter 
point  was  tested  by  heating  2  grams  of  peptones  in  100  c.  c.  of  water 
containing  2  per  cent,  of  hydrochloric  acid  for  17  hours  at  100°  C, 
at  the  end  of  which  time  no  reduction  at  all  could  be  obtained  with 
Fehling's  solution. 

The  first  point  was  tested  by  the  following  experiment: 

0*0290  gram  of  pure  glycogen  was  dissolved  in  100  c.  c.  of  water, 
then  2  grams  of  peptone  were  added  and  sufficient  aci<l  for  the  solu- 
tion to  contain  exactly  2  per  cent.  HCl,  after  which  the  mixture  was 
heated  at  100°  C.  for  17  hours.  The  solution  was  then  neutralized, 
brought  to  a  volume  of  100  c.  c.  and  the  sugar  determined. 

10  c.  c.  gave  0*1985  gram  Cu=010n  gram  (lextrn8O  =  0*0015  gram  glycogoii. 
10     "       •*     0-2025      *'      Cu=0i039  "  =00934  »* 

whereas  in  the  10  c.  c.  then  should  be  present,  according  to  calcu- 
lation 0*1032  gram  dextrose,  the  equivalent  of  0*0029  gram  of 
glycogen.  Consequently  the  presence  of  peptone  does  not  interfere 
with  the  accurate  determination  of  glycogen  by  this  method. 

Influence  of  the  presence  of  peptone  on  the  deiertinnatioyi  of  sugar 
hy  Atlih7i*s  method. — Seegen*  finds  that  the  volumetric  <letermina- 
tion  of  sugar  with  Fehling's  solution  is  not  materially  aifocted  by 
the  presence  of  peptone.  By  rej)eated  experiments  we  have  con- 
vinced ourselves,  that  in  the  use  of   the  gravimetric  method,   the 


♦  Plliigcr'a  Archiv,  vol.  xxviii,  p.  115. 
Tbavs.  CJonn.  Acad.,  Vol  VII.  24  Nov.,  1885. 
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|nvseiR*i*  of  ])0])tono  may,  unless  certain  jn\*cautions  are  taken,  i 
fere  slitrlitlv  with  e.\act  detiTminalions.  With  tlie  Allihn  met 
variations  of  'J-')  milligrams  in  tlu*  amount  of  reduocil  copper 
liable  to  occur  if  care  is  not  taken  in  reirulating  the  lenij^th  of 
the  alkaline  eo]>ner  solution  is  heateil  after  aildition  of  the  s 
solutit>n.  Tntler  onlinnrv  cireunistances  results  most  nearlv  i 
conl  with  theory  are  obtained  by  adding  the  sugar  solution,  as  re 
mende<l  by  Allihn,  to  the  previously  heated  Fehling's  solution 
then  heating  further  until  bubbles  just  begin  to  break  upon 
surface  ot*  the  litpiid.  If  heated  longer,  even  only  half  a  niinu 
slight  increase  in  the  amount  of  reduce<l  copper  will  generall 
observeil.  Now  whenever  ]»eptone  is  present  to  any  extent  in 
sugar  solution,  we  have  found  by  experience  that  complete  re 
tion  does  n<»t  take  place  qniti'  so  rapidly  ;  the  loss  is  not  great,  s 
times  but  a  mlMigmm  or  so,  still  the  dillerence  is  appreciable. 
how<'ver,  can  be  avoided  by  simply  allowing  the  standard  cc 
solution  to  boil  f»>r  about  4.>  seconds  after  the  a<lditioii  of  the  s 
solution.  I'nder  such  conditions,  re]»eated  trials  have  shown  us, 
the  prt'sencc-  of  [u]>t<»ne  does  not  offer  the  slightest  obstacle  to  3 
rate  dell  iniinat ions  of  di'xlrose.  Wlu-never,  therefore,  in  the  fo 
ing  txperimeiits  the  solution  to  be  ti'Sted  contained  peptone, 
aboVf  \'\\\v  ha*,  been  invariablv  followed. 

Ih  h  rinlii'ittnn  fj/'  toftil  ('urhtp/iytfrdtt  s. — Vov  this  purpose  200  c. 
tin  li\  <'r<\ti;n'i  were  luatol  in  a  closed  flask  at  100°  C\  with  suffi 
10  prr  ci-nt.  liydrocl)l(.rii' a«'id  to  i-risuri'  a  content  of  2  percent 
for  IT  Inmrs.  'V\\v  snlntion  was  tln-n  nearly  neutr/ilized,  care  I 
tak«n  that,  tin-  ihiid  did  noi  ln'ctunc  alkaline,  concentrated 
linally  biiiULrlii  t««  a  Miliinn'  of  -joo  <-.  c,  in  an  aliquot  portic 
w  lii«-h  tin- total  cai  boli\  <lrat«>  in  the  form  of  dextrose  were  c 
rniin"<l  in  tlu'  nsual  ni.mnrr.  St'i'«_i<Mi*  states  that  in  the  deterniin 
<>i  liital  <'arl)<»hvdi"ati--,  tin*  Ibiid.  after  heatinir  with  acid,  al 
Ixt'anH-  \  ri'v  dark,  w  hi«-h  occasionallv  inti'rfered  somewhat  wit 
determination  of  sii^^ar.  I)elpraT,f  however,  states  that  ii 
exj»erirn("nts  the  solntion,  nn<ler  like  conditions,  became  hro\ 
yellow  and  generally  ilepo^iicd  a  lloecnleiit  brownish  black  pr 
tate  of  organic  matter.  Moretiver,  in  some  cases,  [)articularly 
the  livi'rs  ot  dog<,  cats  and  calved,  tlu-  ciipn^is  oxide,  in  determ 
total  carbohydrat»'<,  would  remain  di-solved  \o  a  great  extent, 
interfering  with  the  aeenraey  of  the  v»)lunietric  iletermination,  ^ 

■'■■■  rilii^fi"-  Arcliiv.  \n|.  xxviii.  p.  IJl. 

\  .Iahivsl.ori<'!it  fur  'rhior.-liciii-c-.  ls>i.  p.  ;;j;j  :;l».i. 
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times  to  the  extent  of  even  1-2  c.  c.  of  the  sugar  Bohition.  In  our 
experiments  the  acid  solution  was  usually  yellow  or  yellowish  brown, 
and  invariably  at  the  end  of  the  17  hours  contained  the  flocculent 
precipitate  described  by  Delprat.  By  nearly  neutralizing  the  solu- 
tion, the  amount  of  this  precipitate  was  considerably  increased  and 
on  then  filtering  the  fluid,  afler  having  made  it  up  to  a  volume  of 
200  c  c,  considerable  organic  matter  was  removed.  This,  wo  found, 
had  a  decided  influence  on  the  accuracy  of  the  determination,  since 
alkaline  solutions  of  this  neutralization  precipitate  appeared  to  deci- 
dedly retard  separation  of  the  cuprous  oxide.  By  paying  attention 
to  this  point,  we  had  no  difficulty  in  obtaining  fairly  concordant 
results,  by  the  use  of  the  AUihn  gravimetric  method. 

Experiment  1. 

A  large  sized  rabbit  was  killed,  the  blood  collected  and  defibrina- 
ted,  the  liver  quickly  removed  and  finely  chopped.  Two  portions  of 
40  grams  each  were  weighed  out  and  treated  as  follows  : 

A,  B. 

40  grams  liyer.  40  grams  livor. 

50  c.  c.  of  a  10  ^  solution  of  (xeptone.  95  c.  c.  of  water. 

25  c.  c.  of  blood. 
20  c.  c.  of  water. 

These  were  placed  in  flasks,  and  warmed  at  40°  C.  for  two  hours. 
The  liver  was  in  contact  with  the  peptone  40  minutes  afler  the  death 
of  the  animal.  A  continuous  current  of  air  was  kept  passing  through 
A,     Following  are  the  analytical  results : 

Glycogen;  total  volume  of  the  resultant  sugar  solution  200  c.  c. 

Sugar;  total  volume  of  the  solution  100  c.  c. 

Total  carbohydrates;  volume  of  the  resultant  solution  200  o.  c. 


Glycogen  A. 

Volume 
Qsed. 

Weight  Co. 

Eaalralent                  Equivalent 
in  ocxtrose.                Ini^lycoKen. 

Total  ami.* 

Per  cent. 

25  C.  C. 

0-2345  gram. 

0-1209  gram.         0-1088  gram. 

0-8704  gram. 

6-44 

25 

0-2360 

0-121'?                     0-1095 
Glycogen  B. 

0-8760 

6-47 

25  C.C. 

0*2675  gram. 

0-1386  gram.         0-1247  gram. 

0-9976  gram. 

6-23 

25 

0-2659 

0-1377                    012:59 
Sugar  A, 

0-9912 

619 

25  cc. 

0*2260  gram. 

01164  gram.           

0-4C56  gram. 

2-91 

25 

0-2255 

0-1163                     

0-4652 

2-90 

*  Total  amount  of  glycogcu,  dextrose  or  carbohydrates  calculated  as  dextrose, 
contained  in  the  above  volume  (100  or  200  c  c.)  and  representing,  therefore,  the 
amount  contained  in  two-fifths  of  the  40  grnms  of  liver. 


Volnim*  Ki)DtTaK'ni 

UM'il.  Wc'iicht  I'll.  In  deiiro><*.  Total  anit.  Percenl. 

•JaiM'.  0'J13:»  ^'Huii,  »f  10:^7  jrrara.  0*4388  ^uiu.  2-T-l 

Total  CurUihylraUg  A. 
rj'fi  o.  I*.       0"il>;it  ^Tiiiii.  ollll  irmin.  1-7776  grams.  11*10 

•JO  KKVMu  017«8  1-7680  ll'OS 

ToUil  OirMi^f/ni/M  B. 
2.'»  ('.  (*.  n-40:;o  ^nun.  0  -JUii  ^raiii.  1-7168  grains.  10*73 

•Jfi  U-40  42  «)-il5:«  1-7224  10-76 

Tlio  fo!Iowin«;  tal»le  shows  the  :iviT:iije  |>orcentage  resulls : 

Amount  of  Total 

liviT  tnkiMi.  Mi'tliuil  of  troatmiMit.  ltlycogi*n.         Suyar.      carbohydrate 

m  grams.         Witii  (vptonos  ami  )ii<KHl  i  Al.  rr46  ^  2*91^  II-08i 

to  Without  poptoiii'S  and  IiImhI  (Hi,         0-21  2*74  10*75 

-0-75  +0-17  +0-33 

From  this  it  is  soon  th:U  whilo  111  the  presence  of  peptone  and  bloo 

thoro  is  IX  sliixht   iiioroaso  of  both  total  carbohydrates  and  Bugai 

thoro  is  also  a  inoro  than  correspond inir  decrease  in  the  (lercentage  ( 

glycoj^on. 

J£,rptrimatt  II. 

Livor  of  a  rabbit,  roinovod  directly  after  death  and  treated  in  X\\ 
sanio  manner  as  in  Kxperitnont  I. 

.1  B. 

10  Lrra  11)21  >a!ii{>Ii'.|  liver.  40  grnniH  sampleil  liver. 

aO  r. r.  t»f  a  In  pi-r  irnt.  prptttiu'  soluiiou.  145  c.  c.  of  water. 

■_';'»  j:r.iiiis  J  lit  MX  I. 
TO  f.  I',  tpf  waltT. 

Warnit'd  1  honis  at  U) '  ('.,  with  a  cnrront  of  air  passing  throagb  ^ 

fifi/i'o'j'ii  A. 

Vi'ltiiiir  F^lulvul^^t  Kqulvnlfiit  Total  Pei 

ummI.  Wi-ik'lit  Til.  ill  ilrxiiii.-c.  Ill  Kly^'of^'ii.  anioaot.  ceo 

2r>«\.'.         o:'.17o  jrruiii.         o-h;:,:»  ^rram.         oi41»:;grani.        1*1944  grams.         7"- 

Glf/t'O'j'  It  li. 
20  c.  c.         0-:;  120  ^rrjiru.         oiT'jS  ^^raiii.         o-l»IIsgram.        1*2944  gmms.         8*1 

Sfi'jttr  A. 
25  c.  c.         0'jr»2o  jrnini.         O'liiO:;  gram 0*5212  gram.  3'! 

10  c.  c.         0"OS»;n  jrraiii.         0-041!  j-rain 0*4410  gram.  2' 

Tnf<il  itirfHihij'/ni(t"t   A. 
lOc.  c.        O"22ori  ^rrjHii.         01i:;i  grjjiii 2*2 G80  grams.       14* 

Total  airf/fthijihui'-.s  B, 
1 0  c.  c.         0-2 1 1 0  gram.         0*1 0S4  uTaiii 2*1 680  gram&        13'i 


of  Sugar  in  the  Livery  in  th^.  jtresenvf  of  Pq>toHen,  1  ft  1 


Amount  of 
liv«r  mken. 

40  gmiDS. 
40 


Method  of  treatment.  UlycofrtMi. 

With  peptones  and  blood  (A),  *l'Ai\% 

Without  peptones  and  blood  (13),         809 


Su>far. 
3-2fi  ^ 
2-75 


Total 
oarbohydratyfl. 

14-15  J^ 
13-55 


-o-<;h 


-f  0-51 


\-  0-r.o 


H^xiyeriment  III. 
A  small  rabbit,  treated  in  the  same  manner  as  the  preceding : 


A. 


n. 

25  j^rains  sampled  liver. 
125  c.  c.  of  wat4>r. 


25  grams  sampled  liver. 
50  c.  c.  of  a  10  per  cent,  peptone  solution. 
50  grams  of  blood. 

26  c.  c.  of  water. 

Wanned   for  2   hours  at  40'  C,  with   a  constant  current  of  air 
passing  through  A. 

Glycogen  A. 


Volume 
tued. 

Weight  Cu. 

Equivalent                 Equivalent 
in  dextrose.               in  KlycoKen. 

Total 
uniomit. 

Per 
rent. 

25  c.  C. 

0-0435  gram. 

0*0226  gram.        00203  gram. 

0*H;-J4gram. 

102 

25 

00455 

00236                   0*0212 
Glycogen  B. 

01696 

1*69 

25  c.  c. 

0'0425  gram. 

0-0221  gram.        00108  gram. 

0*1584  gram. 

1*58 

25 

00405 

0*0211                  00189 
Sugar  B* 

01512 

1*51 

25  c.  c. 

0-1413  gram. 

0*0719  gram 

0*2870  gram. 

2*87 

25 

0  1400 

00713                   

Tbtal  carbohydrates  A, 

0*2852 

2*85 

25  c  c 

0*1560  gram. 

00796  gram 

0*6308  gram. 

6:i6 

25 

0-1686 

0*0809                    

IbieU  carbohydrates  B. 

0-6472 

6-47 

26  cc. 

0*1445  g^am. 

0*0736  gram 

0*5888  gruui. 

5-88 

25 

0-1427 

0*0726                    

0*5808 

5-80 

Following  are  the 

average  percentage  results : 

Amount  of 
liver  taken. 

Method  of  treatment.                     Glycogen. 

Total 
Sugar.       oarlioiiydrateB. 

25  grams. 

With  peptones  and  blood  (A),             1-C5  % 

...  - 

0-42  ';. 

25 

Without  peptones  and  blood  (B),         1*54 

2*865: 

5-84 

+  0-11 


+  0-58 


In  this  experiment  there  is  the  same  slight  increase  of  total  carbo- 
hydrates in  the  presence  of  peptone  noticed  in  the  two  preceding 
experiments.  The  increase,  however,  is  not  great,  and  it  suggests  at 
ODce  the  question,  whether  the  diiferences,  although  constant,  are 


*  Sugar  A  was  lost. 
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beyond  the  ordinary  limits  of  error.      This  question  we  have  en- 
<le:ivorod  to  answer  in  the  next  experiment. 

IUfperiment  IV. 

A  rabl)it's  liver  removed  from  the  body  immediately  after  death, 
was  prepared  in  the  usual  manner.  Two  mixtures,  exactly  alike, 
were  then  made  as  follows  : 

.1.  B. 

2r>  graiDH  of  liver.  25  gramfl  of  liver. 

10(1  ('.  c.  of  water.  100  c.  c.  of  water. 

These  were  in  the  bath  '28  minutes  after  the  death  of  the  animal 

and   were  warrne<l   at  4()'  C.  for  2  hours.      The  two  portions  were 

then  extracte<l  and  analyzed  as  in  the  preceding  experiments;  the 

objeet  being  to  see  how  great  a  variation  would  be  obtained  by  this 

like  treatment  of  the  two  portions  of  sampled  liver.     Following  are 

the  results : 

Ghjcogen  A. 

VoluiMc  KquivakMit  Equivalent  Total  Per 

«hO(l.         \Vt'l»rlit  (u.  in  (Irxtroso.  In  Klyt'f^K^n.  amount.  cent 

2r»  c.  c.         01575  gram.         00802  gram.         0  07 '21  gram.         0*6768  gram.  5*76 

Glycogen   B. 
•J5  0.  (\         015S5  gram.         O'OSOi)  gram.         0*0728  gram.         0-6824  gram.  5'83 

Sufjar  A. 
10c.  c.         0M)4:{:i  gram.         00225  gram 0*2250  gram.         2*25 

Sugar  B. 
lOc.  (\         0-04:50  ^ram.         OM)22tgram.  0*2240  gram.  2*24 

Total  rarhnhydralcs  A. 
25  c.  ('.         n^.MO  vrram.         01207  gram 0*9656  gram.  9*65 

Totol  coHnthydraU'S  B, 
25  c.  o.         0-'j:^-:5  pram.         O-piO-'i  gram 0*9624  gram.  9*62 

P'lCrit fii.gc   ri'.s'uKs, 

(ilycoL'rii.  suKar.  Total  carboliydratea. 

-1.  5-7(*i  {MT  irc'iit.  2*25  per  cent.  9*65  per  cent 

B.  r»s2  2-24  9*62 

—  0-or,  4  o-oi  +0*03 

These  results  plainly  show  that  when  the  conditions  of  the  exper- 
iment are  exactly  the  same,  the  avernLTO  variation  in  results  will  be 
considernbly  less  than  0*1  percent.  Consequently  variations  greater 
than  this  must  have  their  origin  in  somethint;  other  than  the  ordinary 
errors  of  analysis.  Hence,  in  the  three  preceding  experiments  we 
have  to  account  for  an  average  increase  of  about  0*6  per  cent,  in 
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total  carbohydrates  in  those  cases  wliere  peptone  and  blood  are  botli 
present. 

A  comparison  of  Seegen's  results*  show  that  while  an  aqueous  solu- 
tion of  peptone  alone  in  contact  with  fresh  liver  increases  somewhat 
the  percentage  of  both  sugar  and  total  carbohydrate;?,  the  addition 
of  blood,  kept  arterial  by  the  passage  of  a  current  of  air  through 
the  fluid,  appears  to  still  further  increase  the  percentage  of  sugar 
and  carbohydrates.  Seegen,  moreover,  shows  by  a  blank  experi- 
ment, that  bjood  alon«)  in  contact  with  the  liver  has  no  more  influence 
on  the  formation  of  carbohydrates  than  distilled  water. 

Experiment  V. 

This  experiment  was  tried  mainly  to  see  what  influence  peptones 
by  themselves  in  the  absence  of  blood,  would  have  on  the  forma- 
tion of  sugar  and  total  carbohydrates.  Two  portions  of  sampled 
liver  from  a  large  rabbit  were  treated  as  follows  : 

A.  B. 

50  grams  liver.  50  grams  liver. 

50  c.  c.  of  water  containing  2  grams  of  peptones.  50  c.  c.  of  water. 


«■ 


The  solution  of  peptone  was  poured  over  the  liver  just  45  minutes 
after  the  death  of  the  animal.  The  mixtures  were  placed  in  a  bath 
at  40°  C.  for  3  hours,  after  which  they  were  allowed  to  stand  at  the 
temperature  of  the  room  for  2 1  hours.  They  were  then  extracted 
and  analyzed  in  the  usual  manner,  with  the  following  results : 

Glycogen  A, 

Volume  .  Eaalrab'Dt  Equivalent  Total  Pt^r 

UMd.  Weight  Cd.  in  ueztrose.  lUKlycogeii.  amount.  c(>nt. 

25  c.  c.         0*1900  gram.         0*0973  gram.         0*0875  gram.         0*7000  gram.  .'5  50 

25  0*1915  0*0980  0*0882  0*7050  352 

Glycogen  B, 
25  c.  c.         0*1785  gram.         0*0913  gram.         0*0821  gram.         0*6568  gram.  3*28 

Sugar  A. 

25  CO.         0*4086  gram.         0*2177  gram 0*8708  gram.  4*35 

10  0*1735  00887  0*8870  4-43 

Sugar  B. 
10  c.  c         0*1745  gram.         00892  gram 0-892O  gram.  4  46 

Total  carbohydrates  A. 
10  c.  c.         0*1985  gram.         0*1017  gram 20.340  grams.      1017 

Total  carbohydrates  B. 
lOo.  c.        0-1830  gram.         0*0937  gram 1-8740  grams.        937 

*  Pfldger's  Archiv,  vol.  xxv,  p.  172;  ibid,  vol.  xxviii,  p.  125. 
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Avfragtf  /Hfrrj-nt^ige  rtstdts, 
Ainouiil  of  ,  Total 

liwr  tiikci)  M<'th()fl  of  trcatiiK  nt.      GlycofreD.  Saffar.  carboliydntef. 

r>0  jrniiiis        Witli  peptoiii's  (A).  3-51  per  cent.     4*39  per  cent.     10*17  per  ont. 

50  Without  pt'pt()iiea(H),       3"2S  4*46  9-37 


+  0-23  —0*07  +0*80 

Krperhnent  VI. 

This  expennuMit  is  |iraotically  a  ntpetition  of  the  preceding  one, 
exrejitinir  tliat  tlie  tem|>(.*rature  throughout  the  experiment  was  about 
lH-'2()°  (\  and  tlic  Imirth  of  lime  24  hours.  This  latter  point  we  deem 
of  (ronsidorablo  ini]K>rtanc(',  lor  as  the  results  show,  the  same  increase 
in  total  carl)()hy<lrati's  in  the  presence  of  peptone  is  apparent  here, 
after  'J4  hours  treatment  an<l  also  in  the  preceding  experiment  after 
'21  hours  treatment,  as  has  been  observed  at  the  end  of  2  to  3  hours 
in  the  ])resenc<*  of  ])<*ptone  and  blood.  For  Seegen  lays  considerable 
stress  upon  the  faet  that  in  many  animals  the  newly-formed  carbo- 
hydrate's and  sui^ar,  supjiosed  to  have  their  origin  in  the  peptones, 
art*  after  a  time  deeom]»osed,  so  that  at  the  end,  say  of  24  hours,  the 
oontrnt  of  sui^ar  and  total  carbohydrates  fall  back  to  their  original 
amount,  that  is,  the  aniount  found  in  the  control.  Sieegen  further 
elaims  that  this  |»oint  speaks  stronjrly  in  favor  of  the  action  of  the 
li\(M*,  as  such,  on  the  conversion  of  ]»eptone,  and  rabbits'  liver  accord- 
ing to  his  ex[K*riinents  is  no  exception  to  the  rule.*  The  experiment 
was  as  iollows : 

.1.  B. 

40  LTaiiis  \\\'A.  liviT  n;il>ltii).  40  grains  fresh  liver. 

.'•0  (•..'.  nt  \\;i?'-r  <-oiit:iininL'  -  ^mmmis  (if  po]>toni\  55  c. C.  of  water. 

Thi'sc  two  mixtures  stood  at  the  temperature  of  the  room  /or  24 
hours,  when  llu^y  were  extracted   and   analyzed   with   the  following 

result < : 


0"'J7»M  gram. 

Kniiiv.il.'iit.                  K»iiiivaUMit 
111  ill  xn<«>i-.                hi  ^ljc<iKi'U. 

<»-li:;«;  ^rrmn.         0"rjl»2  j^ram. 

Total 
amount. 

1  0330  grama. 

Per 
rent. 

6*46 

*jr>  c.  1". 

O'LTiITi  LT.-im. 

n- 1  -jnii  ^'ijiin.         0-1 1»;S  jrrain. 

0-9:i44  gram. 

6*S4 

0-"J7  l"»  ^nnni. 

0- -J «;:):, 

iri:;T:i                  

0-5t)9ri  grum. 
0-5-100 

t3*56 
3-43 

o-:;-jijj) 

Snijtir  It. 
i)-l»;sl  iivum.           .  _    .. 

(»17ii!i                       

(»-G724  gram. 
00836 

4*20 
4-27 

10  ••.«'. 

O-Jino  j.'r!nn. 

'J]>f''/  riirhohij:h(ftfS   A. 
Ml(»T'.»  gram. 

2*1580  grams. 

13-4fi 

1 0  c.  c. 

0-J018  ^iraiii. 

7J'/'//  rtjthn/iifflrattft  B. 
olo:*.'-' jrram 

2*0640  grams. 

ia-90 

*  Pfhijr^T's  Arcliiv,  vol.  xxv,  p.  175. 

f  In  this  detoniiiuatiou,  difficulty  was  expL*ricnccd  in  ohimniug  a  good  reduction. 
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Arerage  percentage  results. 
Ainonnt  of  Total 

llTer  taken.  Method  of  treHtment.     Glycogen.  Sugar.  carl)oh]rdrate8. 

40  grrams        With  peptones  (A),  6-46  per  cent.      3  40  per  cent      13-48  per  cent. 

40  Witliout  peptones  (B),     5-84  423  12-90 

+  0-62  —0-74  +0-58 

Both  of  these  experiments  tend  to  show  that  the  presence  of  blood 
has  no  especial  influence  on  the  percentage  of  total  carbohydrates ; 
folly  as  great  an  increase  is  to  be  noticed  in  the  presence  of  peptone 
without  blood,  as  when  the  latter  is  present.  Evidently  then,  if  the 
increase  in  total  carbohydrates  noticed  in  all  of  our  experiments  is 
really  due  to  the  post-mortem  formation  of  carbohydrate  matter  from 
peptone  it  is  quite  certain  that  blood  is  not  at  all  essential  to  the 
reaction,  at  least  in  the  livers  of  rabbits. 

It  is  to  be  noticed,  moreover,  in  the  two  last  experiments  that,  in 
the  absence  of  blood,  the  sugar  is  not  increased  in  amount  in  the 
presence  of  peptone.  On  the  contrary,  the  presence  of  peptone 
under  such  conditions  appears  to  diminish  the  formation  of  sugar, 
glycogen  being  correspondingly  increased.  In  all  of  the  experiments 
with  rabbits,  it  is  apparent  from  the  results,  that  any  increase  of 
sugar  in  the  presence  of  peptone  is  in  every  instance  counterbalanced 
by  a  corresponding  decrease  in  glycogen.  In  the  last  two  experi- 
ments, the  same  relationship  between  the  amount  of  glycogen  and 
sugar  is  to  be  noticed,  only  here  the  greatest  percentage  of  sugar  is 
to  be  found  in  that  portion  of  the  liver  which  was  treated  w^ithout 
peptones.  This,  would  suggest  that  blood  either  facilitates  in 
some  manner  the  action  of  such  amylolytic  ferment  as  is  present  in 
the  liver,  or  else  that  it  uitroduces  an  additional  ferment  which  causes 
increased  amylolytic  action.  Blood  certainly  does  not  contain  any 
substance  convertible  into  sugar  by  the  action  of  boiling  acids, 
since  the  increase  in  total  carbohydrates  is  no  greater  in  the  presence 
of  blood  than  in  the  presence  of  peptone  alone. 

We  have  therefore  tried  the  following  experiment  in  order  to  as- 
certain whether  blood  by  itself,  in  the  absence  of  peptone,  has  any 
influence  whatever  on  the  formation  of  sugar. 

Eocperhnent  VII. 
A.  n, 

50  frrams  of  sampled  liver  (rabbit).  50  jjfrums  of  Ramplod  liver. 

27  grams  of  blood.  92  c.  c.  of  water. 

65  c.  c.  of  water. 

Tlie  blood  from  the  same  rabbit  was  poured  over  the  liver  35  min- 
utes after  the  death  of  the  animal  and  the  two  flasks  containing  the 
Tbavb.  CJonn.  Acad.,  Vol.  VII.  25  Nov.,  1885. 
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Total 
.>!■   «  I.  "'•5»;a»'.  carbohvilralo*. 

-   :j  ].»-r  ••:.!.     A"2\  p».r  cent.     lO'O"  po: 
.:  :.-  361  10-02 
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^  ni".<l 
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"r-.i.il  .-irli. .l;v.l!:iu^  air  i!-»t  at  all  atU-ctiMl  bv  tlio  presenc 
1.1. ■.'.!.  I'll!  iIm-  I'l  r.'.  ii'ia-ji-  ft  ^ii^ar  i**  o«»iivi,K-i-ahly  incroasod,  ani 
Mi^Miil  will-  '.Im-  ii-.ii  .i-r  •'!  ^iiL::ir.  i-*  !•»  In-  iiolic*e«l  u  decidoil 
fii:i-i-  in  iii«-  |M  i-,'.:r;i_:.  .»!  ixiy.'- »L:rii.  Kvi«U'inly  then  the  perc 
ai:«- .•!" -ii-.ir  in  i  iu- rMl'l'i;*-*  li\i-r  i>  iiir!ta*-r<l  in  tlio  prt'sonco  of  bl 
w  hitli  iihi,;is,.  is  i\u(  w!;.'ily  tt»  a  imihi-  vigorous  ileconipositio] 
"  l\  i-iiifrii.  Mi»r«'.t\  ii\  w  luMirvtr  iiuTr:i>r  •»!' siijxar  has  been  obsei 
in  «Mir  «\i'i  riiiH-nts  a  »"«»ni-|M»n«liiiji  'hM-rt-aM*  in  glycogen  has  as  a  i 
:ils,»  Im'4'11  >r«n.  Ill  tlii^  ri-»|«ii'i.  tlurilMn'.  our  results  agree  ^ 
thus,'  ii['  I'liM'liiM  aiul  lli'lVniaiiii.  a-*  aNn  with  those  of  Delprat. 
irrn,  lh»\vt\  «T,  ^tah>  in  a  la'ti"  foninmnii-atiiHi,*  that  in  rabl 
i^lyt',>n,Mi  1*.  inniT  rMjiiiHx  rlia iiLi*'!  than  in  thi'  case  of  dogs,  o 
olIuT  woi'iK  that  i1k'  livt'r-i::l\i-<»iii?i  nt"  rahhits  is  loss  resistant  to 
action  ol  ri'rnn'nt>. 

In  all  olllh'  |)ri'r»«linL;  txjurinu  nts  with  tin-  livers  of  rabbits,  i 

to  l»e  noticetl  that  tin-  sum  of' iilvcoi^i-n.   <*alculalo<l   as  dextrose. 

■    •      •  * 


•  1' 


rHii^'n-  Aril.i\.  v.-l.  x\iv.  ]».  4«»7. 
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the  sugar,  is  not  at  all  equal  to  the  figures  representing  total  carbohy- 
drates, being  in  every  instance  considerably  less  than  the  latter. 
Thns  in  Experiment  V,  the  amount  of  total  carbohydrates  is  in  A 
(with  peptones)  10*17  per  cent.,  while  the  sum  of  sus^ar  and  glyco- 
gen calculated  as  dextrose  is  but  8*29  per  cent.;  a  deficit  of  1-88  per 
cent.  In  ^,  likewise,  where  peptones  are  not  present,  there  is  a  sim- 
ilar deficit,  amounting  in  this  case  to  1*27  per  cent.  It  is  not  to  be 
supposed  that  such  a  deficiency  could  in  any  manner  arise  from 
errors  of  analysis  and  the  most  natural  supposition  is  that  the  sugar, 
determined  and  calculated  as  dextrose,  might  be  of  lower  reducing 
power ;  or  in  other  words  that  it  might  consist  of  maltose  instead  of 
dextrose,  or  rather,  of  a  mixture  of  maltose  and  dextrose  or  of  a 
soluble  dextrin.  O.  Nasse'*'  has  stated  that  the  dead  liver  contains 
dextrose,  or  a  sugar  whose  reducing  power  is  not  increased  by  heat- 
ing with  dilute  sulphuric  acid.  Seegcn  and  Kratschmerf  also  state 
that  the  dead  liver  contains  dextrose,  and  further,  that  the  liver  sugar 
is  exclusively  dextrose.  This  opinion  is  based  mainly  upon  the  fact 
that  the  fluid  obtained  from  a  calf's  liver  by  pressure,  yielded  by 
dialysis  and  subsequent  treatment  with  alcohol,  a  saccharine  body, 
•A'hich  on  the  addition  of  an  alcoholic  solution  of  potash  was  converted 
into  the  known  dextrose-potash  compound.  Musculus  and  V.  Mering,J 
however,  claim  that  in  addition  to  dextrose,  the  dead  liver  also  con- 
tains maltose.  This  sugar  they  detected  twice ;  once  in  the  dead 
liver  of  a  dog,  1  hour  after  death,  and  again,  also  in  a  dog's  liver,  5 
hours  after  death.  In  both  cases  dextrose  was  likewise  present.  Dex- 
trin they  were  not  able  to  detect  with  certainty,  but  they  consider 
that  the  liver  ferment  also  forms  this  body,  intermediate  between 
glycogen  and  the  sugars.  E.  Ktllz§  has  also  prepared  from  the  dead 
livers  of  dogs  pure  dextrose,  but  he  does  not  conclude  definitely  as 
to  the  presence  of  dextrin  and  maltose.  It  is  to  be  seen,  therefore, 
that  while  there  is  unanimity  of  opinion  regarding  the  presence  of 
dextrose,  there  is  less  certainty  regarding  the  presence  of  the  lower 
reducing  sugar,  maltose. 

We  have  therefore,  carefully  examined  the  nature  of  the'  sugar 
remaining  in  the  alcoholic  filtrate  after  the  precipitation  of  glycogen, 
and  we  find,  in  almost  every  instance,  that  the  saccharine  body  there 


♦  Bemerkungen  zur  Physiologie  der  Kohlehydrate.    Pfluger's  Archiv,  vol.  xiv,  p.  473 

f  Die  Natur  des  Leberzucker.     Pttuger's  Archiv,  vol.  xxii,  p.  214. 

X  Ueber  die  Umwandlung  vod  Starke  und  Glycogen  durcli  Diastas,  Speichel,  Pan' 
creaa  und  Leberferment     Zeitsohrift  fur  physiologisclie  Chemie,  vol.  11,  p.  417. 

§  Ueber  die  Natur  des  Zuckers  in  der  todteiiHlarreu  Leber.  Pfliiger's  Archiv,  vol. 
xziVf  p.  52. 


presi'Ut,  Iia-s  it'*  iV'luoiiiL:  iM-wer  CMii>i'U*r:il»ly  iiifreastMl  by  heatir 
\\  sliort  tiino  with  j  |.it  vfni.  "iiljtlmri*^  ariil.     ^loreover,  the  su 
ulyi'i'irt'n  v:iK'ii!:iTi«i  a'»  'Kxtrovf,  aii«i  the  livt-r  sugar  converted  w 
inti»  iK'\tn>^r  l-y  l»«.'iiiiiL:  witli  'lihitf  acii].  t'Xat-tly  equals  the 
earlmliyilratfi  in  iIiom-  ^-a^ef  whtiv  )»i'|itont*s  are  not  present, 
in  F^xpi-rinuin  \'.  .1   aii-l    //.  'hi-  tinal  -u^jrar  solution    aniount< 
eaoli  in*-tani*i'  t"  I""  <\  ».-.:  "•<•  *.•.  <>■.  "f  tho>e  solutions  were  inixeil 
Miflii'leiit   1"  jur  ifiiT.  ^'iilpliiirio  aciil  li»  in>ure  a  content  of 'J  per< 
alter  wlii^li  Tl:e  two  b.«liui«»n-  wvn*  l»>ilevl  f«:ir  two  hour>,  evajior 
I't'iiiij:  iMiVi'iititl  I'V  :»!;  invtrtt'l  Lit-Mix  ^  con«lenser.     Orj  coolinij 
M>lminn>    Win-    nia.K-    luarlv    neutral.    «'i>ncentratctl    st>iiiewhat 

« 

tinallv  liri'Uirht  I'riik  u»  a  vu'jinK'  ••!'  t-xaetlv  ."»o  c.  c.     Followinu 
the  analyiiial  timiUs  \^^A\\  l»^t\'iv  aii-1  atu-r  l»oiling  with  the  «lilute 
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llrui'i-.  it  i-i\ilrn:  ili.i!  rhi-  livi-r  <ii'^ar,  in  tiiis  instance  at  I 
is  ii«»t  isia-K-  iH'^iiiinU  ••:  ■!<  \ii««^r.  Ni-ither  is  it  whollv  nial 
U*v  \\  ^Mi-li  \vi n-  ilif  .-.:>; .  i!i.  rf.liii-iiiLr  ]H»\ver  hefore  and  after  ho 
uith  ai-i<l,  w-'ul'l  !««■  in  i!u-  |'i"|»o!-! i-m  ,»t"  liM  :  loo,  whereas  in 
al»'»\«'  «  xiM-iiiiiriii  ill.'  v:[\\k'  in  .1  i-  T'J'I  :  M'O  and  in  Ji  78*1: 
Still,  it  wiMiM  ai'i'-ar  il-.ii  -lu  li'wn"  rrdiu-iiiij:  hody  is  present  ii 
larn««»i  .plant  it  \ . 

ll  un*-  iM't  tMir  |'ni|M.^r  in  >iij.l\  jiart iotdarly  the  initui'e  of 
Ii\rr  sii'.'Mi\  ^i>  Ui'  \\:\\*  H"t  <.mi_;1iI  i"r  |'«»^itivi'  jn'oof  of  the  chan 
nl"  tlii>  l«'\\ri"  n'-hi\  inir  ^""Iv.  Ti^at  it  i>  nrtt  dextrin,  or  irlvci 
\r\'t  niipncipit.itni  li\  tin  a\-.'l!i«l.  i^  rviilenl  from  the  fact  tlial 
a«ldiiioii  "f  a  litiK-  pnit  via^^i  to  tin*  n«>rinnl  >iiLrar  solution  sets 
liTUU'iitat inii  li\  w  liirij  til'-  Mi^ar"  an-  n«>T  onlv  eonipletelv  de< 
poM-d  Ihm  ni»  am\  laiT,.!!**  Iiii.li,-,  wIiaii'ViT  I'einain  in  the  fluid 
h"a>t  iKuir  wiiii'li  will  \i«|.l  it  .juiinir  hoilirs  nn  h»)ilintr  with  d 
siil|tiMiric  ai'id.  ( '<»ii-i'i[iu'iit  ly  it  wonhl  appi-ar  that  the  lower  r 
einir  l»<nlv  i'<  in  all  |iiMl»al»i!ilv  nialtoM.'.  Wi*  do  not  intend  to 
liowevi-r,  that  dextrin  i^  lu'wr  pri  M-nt  in  tlu*  liver;  on  the  conti 
we  are  inelined  \n  anr<f  wiili  .Miisrulu^  and  v.  Merin<x  that  de^ 
is  doubtless  forniid   a*i  an  anleced<Mii   ii»  maltose,  hut  in  tlie  tw 
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three  fermentation  expenments  that  we  have  tried,  the  sngar  solu- 
tion has  never  contained  dextrin.  It  would  of  course  be  more 
nataral  in  seeking  for  dextrin  to  look  in  the  glycogen  precipitate. 
Finally,  it  is  interesting  to  notice  in  connection  with  this  same  exper- 
iment, that  in  B  the  sum  of  glycogen  calculated  as  dextrose  and  the 
sugar  after  boiling  with  sulphuric  acid  equals  the  total  carbohydrates 
found ;  while  in  .4  where  peptones  are  present,  the  total  carbo- 
hydrates more  than  equal  the  sum  of  glycogen  and  sugar,  as  is  shown 
by  the  following  figures  from  Experiment  V. 

Su^ttr  not  boiled  with  ucid.  Suf^r  boiled  with  acid. 

, ' V  ' . 

A.  B.  A.m  M. 

Glycogen  calculated  as  dextrose,  3*90  p.  c.  3*64  p.  c.  3-90  p.  c.  3"64  p.  c. 
SugFar  calculated  a8  dextrose.  4*43  4*40  5*81  r>-75 


8-33  810  9-74  9-39 

Total  carbohydrates  found  in  ^4  1017  per  cent. 

This  shows  an  apparent  increase  in  total  carbohydrates  of  0*43 
per  cent,  (in  A)  under  the  influence  of  the  peptones ;  this  being  the 
difference  between  the  total  carbohydrates  found,  and  the  sum  of 
glycogen  calculated  as  dextrose  and  the  sugar  after  boiling  with 
dilute  acid.  In  B  on  the  other  hand,  the  total  carbohydrates  found 
and  the  sum  of  glycogen  and  sugar  differ  but  O'OL'  per  cent. 

Experiment  VIII. 

This  experiment  was  tried  mainly  to  verify  the  preceding  state- 
ments regarding  the  liver  sugar. 

40  grams  of  liver  from  a  rabbit  were  finely  divided  and  placed  in  a 
flask  with  50  c.  c.  of  water.  The  mixture  was  then  warmed  at  38- 
40**  C.  for  2  hours,  when  it  was  boiled  and  extracted  in  the  usual 
manner.  The  liver  was  placed  in  the  warm  bath  just  25  minutes 
after  the  death  of  the  rabbit,  consequently  2^  hours  intervened  be- 
tween the  death  of  the  animal  and  the  stopping  of  ferment  action. 
Following  are  the  results  of  the  analysis : 

Gbjcoijffn. 

Volume  EqulTnloiit  Equivalent  Tiitnl  Per 

oii«d.         WelKht  Co.  In  dextrai«c.  in  Klycogen.  Hinouut.  cent. 

25  c.  c.         0-2990  (rram.         01500  pram.         0*1404  gram.         1  1 232  grams.        7*02 

lOc.  c.         0-0916  gram.        0*04 Gfi  gram 0-40G0  gram.         2*91 

Sugar  after  boiling  wiUi  dilute  IIvSOi. 
JOc.  c.         0-1145  gram.         00582  gram 0-5820  gram.         303 

ToUil  carhohydr alt's. 
10  c.  c.         01790  gram.         0  091 C  gram 1-8320  grams.      11-45 
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(;iyriiir''n  MS  ili'\lri»s(',         ""SO  |)«'r  nMit.  7 ■■'*u  p-.-r  itrn 

Suj:i»r.  2!il  AfU'P  Jn>ilinu^  with  HjS<>,.     '^'^^'^ 


lii-Tl  n-4:J 

It  is  cviih'iil  that  \\v\\\  :is  in  tlu-  |»ri*CLMlinrr  oxpfriment,  the  ^\\n\i 
^lyf«>ix«'ii  r:ilrul:it<Ml  :is  «K*xtro*<o  :ui(l  tlu»  sui^ar  ocjiials  llie  total  CJi 
l)oliv<lratt'>  actuiillv  f«nin<l,  onlv  wIumi  tlu»  siiixar  has  l»cen  boiloil  wit 
tlilntr  sulpliuric  Ji(:i«l,  in  which  oasi»  \\\v  aiijrecnuMit  is,  us  hct'or 
almost  I'xac't.  IMainlv  thiMi,  ih»xtros»*  is  not  tlio  onlvsuijrar  lonniMl 
th<'  liviT,  atul  if,  as  sfcnis  pi-ohahh'  from  our  experiments,  the  sirjj 
has  its  origin  in  the  hej»atir  irlyeo«^rn,  it  wouhl  be  quite  in  aerm 
with  aiiah>Lry  l»»  expect  the  |)resence  of  both  maltose  an<l  dextrose. 

The  relative  redueint;  |M)wer,  l)cfore  and  after  boiling  with  aoi 
is  much  the  same  as  in  tlu*  precediu'^  ex|K»riments,  \\'a\  "Ti'DilO 
and  in<lieates  the  presiMH'e  of  eonsidi'rable  of  the  body  with  low 
reducing:  |Miwei*.  This  jiortion  of  the  experiment  was  diiplicat< 
with  aimtlMT  U)  grains  of  liver  from  the  same  rabbit  under  exact 
the  >airie  t'ondit ion.s  a^^  to  time  and  temperature,  with  resuhs  alimi 
identical  with  tho>e  obtained  from  the  preceding  portion,  thus  tes 
fvinir  to  tlic  a»'cMra»-v  of  tlie  nu'thods. 

l'»  I'.  I'.  >!.;iVi'  II  ii<»;:i  .^niiii  ('u=-(iiil  I }  ^t;iiii  (li'xtrose:=2'78  ptT  (.H.Mit. 

>■'!  .f/r    sM-'/'i'i,,,    #/;/r,-    fiiiil.fiij    ti'Hh    diJu(f   oritl. 
1"  ■".  ■■.  ir.iN'-  Ol'i^ii  jraiii  ('ii:=nil.>."in  lT.hii  ilfXln»Sf.'=.">  •14  per  cent. 

Tin-  nhilixc  reducinii  power  licfore  and  after  l)oiling  with  dill 
-ulphmir  acid  i^  in  ilii<  ca^«-  steii  :  loo. 

Kv|MirinHiit-^  were  n«^w  trid,  to  ascertain  the  intluence  of  pojito 
nil  I  In-  rurniatioii  uf  carl»')hvdrati's  in  the  livi'rs  of  other  animals. 

F.xftt  r'nnt  ht    IX. 

A  lar^e  cat  in  full  digest  ion,  fi'd  mainly  on  proteid  matter,  u 
«hi'M(»li>nnit|,  l»Ioi)d  Cidiecti'd  from  the  imrular  vein  and  the  liver 
MiKT  i;'iriM\rtl.     Two  ini\turi'>  were  then  prepared  as  follows: 

••"     I!'--  Hi!-;-   i  !\':.  .".<»  jjniins  Miiiipl.Ml  liver 

:■■  j'.,-:~  I.'..M.|.  mo  t'.  t\  oCwaUT. 

■  '"  ■".'■.  ■  :  .-■  1 "  ji'i"  ■■■■t.i.  .-dl  .1  111.  fii  II.  j.i.-!ii- 

l"  '■.  I".  ■•'  \\  .I'l-r. 

'idn-M'  were  phu'cl  in  ;i  liatii  at  ;<^ -4n"  (\  r>0  minutes  after  t 
de;jtli  (d  the  animal,  and  w<*ri'  kept  there  for  "J.l  hours,  with  a  ei 
stant  curreni    of  :iir  passing  through  ,1  in  t)rder  to  render  the  blo< 
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arterial.  At  the  end  of  this  time  further  action  was  prevented  by 
boiling  the  mixtures,  after  which  they  were  extracted  in  the  usual 
manner.  Neither  of  the  two  extracts  contained  enough  glycogen  for 
estimation.     Following  are  the  other  results  : 

Sugar  A. 


Volame 
luwd. 

WelKlilorCa. 

Equivalent 
in  dextrose. 

Total 
amount. 

Per 
cent. 

25  c.  C. 

0*1710  gram. 

00874  gram. 

0-3496  gram. 

1-74 

25  a  c. 
25  c.  c. 
25  c.  c. 
25  c.  c. 
25  c.  c. 


Amoant  of 
Urer  taken. 

50  g^ms. 
50 


After  bailing  witJi  dilute  HaS04. 
0-1730  gram.  0-0885  gram.  0*8540  gram. 

Sugar  B. 
0*1638  gram.  0*0837  gram.  0-:iH48  gram. 

After  hoiliiig  with  dilute  HjSO,. 
0*1750  gram.  0*0895  gram.  0*3580  gram. 

ToUd  carbohydrates  A. 
0*1048  gram.  0*0533  gram.  0*4264  gram. 

Total  carbohydrates  B. 
0-0930  gram.  0*0474  gram.  0*3792  gram. 


1-77 


1-67 


1-79 


213 


1-89 


Method  ol  treatnient. 
With  peptonea  and  blood  (A), 
Without  peptones  and  blood  (B), 


Gly- 
cogen. 

0 
0 


SuKar. 
Before  After 


Total 


boiling. 

boiling. 

carbohydrates. 

1-74  Jl^ 

1-11% 

2*13  <^ 

1*67 

1-79 

1*89 

+  0*07      -0  02 


+  0*24 


In  the  presence  of  peptone,  there  is  to  be  noticed  a  slight  increase 
in  total  carbohydrates,  which  increase  receives  confirmation  from 
the  fact  that  in  A,  the  total  carbohydrates  exceed  the  sugar  by  O'o6 
per  cent.,  while  in  J5  the  difference  after  boiling  the  sugar  with  dilute 
acid  is  but  0*1  per  cent.,  probably  within  the  limits  of  error.  It  is 
to  be  noticed,  moreover,  that  in  the  presence  of  peptone,  the  sugar 
formed  is  wholly  dextrose,  its  reducing  power  not  being  materially 
changed  by  boiling  with  dilute  acid,  whereas  in  B  there  is  a  slight 
increase  in  reducing  power  on  boiling  with  acid.  If  the  difference  is 
sufficient  to  warrant  any  explanation  it  might  be  suggested  that 
peptone  by  its  presence*  stimulates  the  ferment  which  presumably 
converts  maltose  into  dextrose  and  thus  in  A  complete  conversion 
was  effected  sooner  than  in  J3. 

Experiment  X. 

This  experiment  was  like  the  preceding,  with  the  exception  that 
the  cat  employed  was  not  in  full  digestion.    The  stomach  was  nearly 


*  Compare  Chittenden  and  Smith,  Trans.  Conn.  Acad.,  vol.  vi,  p.  343. 
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empty  an<l  the  nniall  intestines  likewise.     The  sainplerl  liver  was  ii 
the  bath  at  40^  C,  2o  minutes  after  the  death  of  the  animal. 


J. 


40  gramB  of  liver. 
135  a  e.  of  water. 


40  jrraiiw  of  livor. 
25  gniins  of  I)1o(m1. 
KK)  c.  <•.  of  a  2  JKT  <'<Mit.  solution  of  jK*|)toiU'. 
10  r.  c.  of  w;itor. 

These  mixtures  were  warmed  at  40"  C.  for  2  hours,  with  a  current 
of  air  passing  through  A,  after  which  they  were  extracted  and  treated 
in  the  usual  manner.  Glycogen  was  not  found  in  sufficient  quantity 
for  determination  in  either  .1  or  13,  An  accident  hap]tened  to  the 
sugar  solutions,  so  that  the  absolute  amount  of  sugar  could  not  be 
estimated,  but  the  relative  re<lucing  ])Ower  of  the  sugar  solution, 
before  and  after  boiling  witli  dilute  sulphuric  acid,  was  accurately 
determined. 


Voliiiiic 

2r»  <».  c. 


2;>  V.  f, 


25  o.  o. 


2.'. 


2.')  .'.  i\ 
2.") 


Wciffht  tir(  n. 
0-1070  ^ram. 


Tntal  cnrltohydraffA  A. 

K(|Ulv:iii*iit 
In  doxtroM'. 


0*0545  ^raiii. 

Tot'il  ciirhthyihnU's  B. 
0M>sr,5  ^rnim.  (»  0 1 1 1  ^nvm. 


Total 
nmoant. 

0-4360  grram. 


0-H528  frram. 


Percent 
2-72 


2*20 


01045  ^TXWW. 
01  IT!» 


01  15!;  uniiii, 
t»i:»25 


Stignr  A, 
0-0520  iTTiim. 
0  0T5:t 

Siii/iir  Ii, 
nuTlo  \zv\\\\\. 


Before  lK>iling  with  dilute  acid. 
After  l>oilinK  with  acid. 

Hi 'f ore  Imilin^  with  dilute  acid. 
After  ))oiling  witli  ncid. 


In  this  case,  the  total  carbohydrates  show  an  increase  of  0'62  per 
cent,  in  the  presence  of  peptone.  The  sugars,  unlike  the  result  in 
the  preceding  experiment,  show  a  very  great  increase  in  reducing 
power,  on  being  boiled  with  dihite  sul])!iuric  aci<l.  In  A^  the  rel- 
ative reducing  power  before  and  after  boiling  with  the  acid,  is 
7(»*0  :  100  and  in  Ii  75*4  :  100.  Hence  in  this  experiment  it  would 
aj)pear  that  the  lower  reducing  body,  presumably  maltose,  is  present 
in  great  excess. 

Kt'^rrhnent  XI. 

In  this  experiment,  a  liver  was  taken  from  a  freshly  killed  lamb, 
sampled  in  tlie  usual  manner  and  then  warmed  at  40°  C,  with  and 
without  peptone,  for  4  hours.  The  liver  was  in  the  bath  and  mixed 
with  the  peptone  solution  just  one  hour  and  20  minutes  after  the 
death  of  the  animal.     In  this  experiment  no  blood  was  used. 
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A,  B. 

50  grama  of  liyer.  50  g^ms  of  liver. 

50  c.  c.  of  a  4  per  cent  solution  of  peptone.  50  c.  c.  of  water. 

Glycogen  could  not  be  detected  in  sufficient  quantity  for  estima- 
tion.    Following  are  the  other  results : 

ar  A. 


Volame  EqnlvalGiit  Total 

nied.  Welffht  of  On.  In  dextrose.  unonnt.  Per  eent. 

25  c  a  0'2440  gram.  0*1260  gram.  0*5040  gram.  2*52 

After  boiling  with  dilute  HvS04. 
25C.C.  0*2495  gram.  0-1289  gram.  0*5156  gram.  2*57 

Sugar  R 
25  c.  a  0*2430  gram.  0*1255  gram.  0*6020  gram.  2*51 

After  boiling  with  dilute  TI1SO4. 
25  c.  c.  0-2445  gram.  0*1262  gram.  0*6048  gram.  2*52 

Tbtal  carbohydrates  A. 

25  CO.  0*1185  gram.  0*0603  gram.  0*4824  gram.  2*41 

Total  carbohydrates  B. 

26  c.  a  0*1210  gram.  0*0616  gram.  0*4928  gram.  2*46 

Here  there  is  neither  increase  in  total  carbohydrates  in  the  pres- 
ence of  peptone,  nor  is  there  any  change  in  the  reducing  power  of 
the  sugar  solutions  after  boiling  with  dilute  acid.  Total  carbohy- 
drates, moreover,  fall  a  trifle  below  the  percentage  of  sugar,  although 
the  difference  is  within  the  limits  of  error. 

Eji^erimefnt  XII. 
With  a  sheep's  liver,  24  hours  after  death. 

A,  B. 

50  grama  of  sampled  liver.  50  grams  of  sampled  liver. 

100  c.  c.  of  a  2  per  cent  solution  of  peptone.  100  &  c.  of  water. 

These  were  warmed  at  40°  C.  for  1^  hours,  then  extracted  and 
tested.    No  glycogen  was  found. 

Sugar  A. 


Volame 
used. 

Welffbt  of  Cn. 

Eqalvalent 
In  dextrose. 

Total 
amount. 

Per  cent. 

25  c.  a 

0*1085  gram. 

0*0552  gram. 
Sugar  B. 

0*2208  gram. 

1*10 

25  c.  a 

0*0825  gram. 

0*0420  gram. 
Tbtal  carbohydrates 

A. 

0*1680  gram. 

0*84 

25  CO. 

0*0750  gram. 

0*0383  gram. 
Total  carbohydrates 

B. 

0*3064  gram. 

1*63 

25  0.  a 

0*0465  gram. 

0*0241  gram. 

0*1928  gram. 

0*96 

Teans.  Cohn. 
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Amount  ol  Total 

Ilvoruken.  Method  of  tretttmr at.  Glycogen.       Bag»r.  CArbobydntck 

50  grams.  With  (leptone^  (A).  0  1*10  per  cent  1-63  per  eiiL 

50  Without  i)eptonc9  (B),  0  0*84  0'96 

+  0*26  +0*67 

Increase  in  both  sugar  and  total  carbohydrates  is  to  be  noticed 
in  A.  The  increase  in  total  carbohydrates,  moreover,  is  twice  tt 
great  as  the  increase  in  sugar. 

Experiment  XIII. 
With  a  calf 'S  liver,  from  a  freshly  killed  animal,  obtained  at  the 
slaughter  house. 

A.  B.  c. 

50  grants  of  liver.      50  grama  of  liver.      50  grams  of  liver. 
1 00  c.  c.  of  water.       100  c.  e.  of  water.      100  c.  c  of  a  2  per  oent  solution  of  peptomi 

A  was  wanned  at  40^  C\  for  1  hour  and  20  minutes,  after  which  i1 
was  extracted  and  analyzed;  J?  and  C  on  the  other  hand,  were  heated 
for  1  hour  and  ao  minutes  at  the  same  temperature,  after  which  the] 
were  allowed  to  stand  for  16  hours  at  about  18-20^  C.  before  beiii{ 
extracted.  The  special  object  in  view  was  to  ascertain  the  inflaenc^ 
of  time  on  the  disappearance  of  glycogen. 
Following  are  th«  results  obtained  : 

Glycogen  A. 

Volume  KqulvHlent  Eqniyalent  Total  Fii 

u»im1.      WfiKlit  of  C'u.  In  dextrose.  In  glycoiren.  amoiiiit.  cat 

25  c.  e.         0-02:{0gram.         00125  gram.         0  0112  gram.         0*0896  gram.  0*4 

Glycogen  B, 
25  c.  c.        00105  grain.        00003  gram.        00056  gram.        0'0448  gram.  O'S 

Glycogen  C. 
25  c.  c.        a  mere  trace  ouly. 

Sugar  A. 
25  c.  c.        0  rjDU  gram.        00073  grain 0*3892  gram.  li 

A/icr  boiling  with  dilute  HgS04. 
25C.C.        0-2100  gram.        0-1079  gram 0*4316  gram.  2*1 

Sugar  B. 
25  c.  c.         0-2445  gram.        01 262  gram 0*5048  gram.  %'\ 

Ajttr  boiling  with  dilute  HsS04. 
25  c.  c.        0*2535  gram.        0*1310  gram.         0*5240  gram.  %'i 

Sugar  C. 
25  c.  c.        0-2315  gram.        0*1198  gram 0*4792  gram.  2*J 

A/ttr  boiling  with  dilute  H2SO4. 
25  CO.        0-2620  gram.        01357  gram 0*5428  gram.  2*' 

Total  carbohydrates  A. 
25  c.  a        0*1210  gram.        0*0616  gram 0*4928  gram.  %> 

Ihtal  carbohydrates  R 

25  a  c.        0-1410  gram.        0*0718  gram 0*5744  gram.         S*J 

Ibtal  carbohydrates  C. 

26  c.  0.        0*1405  gram.        0*0715  gram.         0*5720  gram.         2*1 
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Jim  Bt  Cm 

Without  peptones,    Without  peptones,    With  peptones, 
1  bonr^  min.        lUj  honni  st  40'  C.    IH  hours  at  40'  C. 
at  40^0.  audl6h.  ataO-'C.     and  16  h.  at  2(r  C. 

Glycogen 0*44  per  cent.  022  per  cent.  0 

Sugar  before  boiling  with  H9SO4  1*94  2*52  2*39  per  cent- 

Sugar  after  boiling  with  H.SOi.  215  262  2*71 

Total  carbohydrates 2-46  2-87  280 

A  compariBon  of  these  resalts  shows  no  increase  whatever  in  total 
carbohydrates  in  the  presence  of  peptone  (B  and  C)  Somewhat 
strange  is  the  apparent  increase  of  0*41  per  cent.,  in  the  absence  of 
peptone  after  standing  24  hours.  The  percentage  of  glycogen  is 
diminished  one-half  after  standing  24  hours,  and,  as  has  been  noticed 
several  times  before,  it  is  still  further  diminished  in  the  presence  of 
peptone.  Consistent  with  the  theory  of  the  formation  of  liver  sugar 
from  the  hepatic  glycogen,  is  the  fact  that  in  this  experiment  increase 
in  sugar  accompanies  decrease  in  glycogen.  This  is  shown  best  in 
the  percentages  of  sugar,  after  boiling  with  dilute  sulphuric  acid. 
The  relative  reducing  power  of  the  sugar  solutions,  before  and  after 
boiling  with  dilute  acid,  is  in  A  90*1 :  100,  in  B  96*4:  100,  and  in  C 
88*3 :  100.  In  other  words  the  liver  sugar  in  B  after  standing  24 
hours  is  composed  mainly  of  dextrose,  the  lower  reducing  body 
present  in  larger  quantity  in  A  having  been  gradually  changed  by 
longer  contact  with  the  liver  tissue.  In  (7,  however,  although  the 
time  was  the  same  as  in  J?,  the  presence  of  peptone,  while  it  appears 
to  increase  the  decomposition  of  glycogen  and  thus  the  actual  amount 
of  sugar  formed,  tends  to  prevent  apparently  the  conversion  of  the 
lower  reducing  sugar  into  dextrose ;  hence  in  C  the  percentage  of 
sogar  before  boiling  with  acid  is  less  than  in  B^  while  after  treat- 
ment with  acid  it  is  greater. 

FoUovoing  is  a  resumi  of  the  variotis  results  obtained  loith  peptones. 

Mcperiment  I. — Rabbit's  liver. 

LlTer  Total 

taken.  Treatment.  Glycogen.         Sni^ar.      carbohydrates. 

40  grams.        With  peptones  and  blood.        5-46  %         2*91  %         1108  % 
40  Without  *•  "  6-31  2-74  10*75 


3  hours  at  40' C.  -0-75         +017  +0-33 

JEJxperiment  II. — Rabbit's  liver. 

Llrer  Toul 

taken.  l*reatmcnt.  Glycogen.  Bogar.  carbohydrates. 

40  grams.        With  peptones  and  blood.        7*46  %         3*36  %         1415  % 
40  Without  *'  '*  809  2-75  1355 


3  hours  at  40**  C.  -0-63  +051  +060 
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Liver 
taken. 


Experiment  III. — Rabbil'B  liver. 

SnRmr. 


25  grams. 
25 


Treatment.  Olycofren. 

With  peptoneB  and  blood.       1*05  ^ 

Without         **  **  1-54 


2-86  % 


2  hours  at  40°  C. 


+  0-11 


Total 
carbohrdntMi 

6-42  ]{ 
5-84 

+  0-58 


E^tperiment  V. — Rabbit's  liver. 


Liver 

Total 

taken. 

Treatment. 

Olycoiren. 

Sugar. 

cart>oh7dr8tci. 

50  grains. 

With  peptones. 

8-51 J^ 

4-89  j( 

10-17  i 

50 

Without     ** 

3*28 

4-46 

9-87 

8  hours  at  40"  C.  +028  -0-07  +0-80 

After  boUing  the  sugar  with  dilute  H.SO*,        4-89=5-82  %      Ratio  76-4:10fl 

4-46=:6-75  **     781:10C 


4( 


(( 


»i 


(( 


+  0-07 
Ejperiinent  VI. — Rabbit's  liver. 


Liver 
takvu. 

Treatment. 

40  grams. 

With  peptones. 

40 

Without      ** 

Glycogen. 

6*46^ 

6-84 


Sugar. 
8-49^ 
4-28 


Total 
carbohydratai 

13-48  Jt 

12-90 


24  hours  at  18-20''  C. 


+  0-62 


-0-74 


LIvor 
taken. 


50  grams. 
50 


Ejperhiieut  IX. — Cat's  liver. 

Tri-atmi-nt.  CJlycogen.                 Sugar. 

With  jx^ptones  and  blood.        0                1-74  Jt 

Without           •'  '*             0                 1-67 


+0-68 


Total 
carboh]rarate 

2-18  J( 
1-89 


2A  lioursat  40   C. 
After  boiling  the  sugar  with  dilute  HaS04. 


+  0-07  +0-94 

l-74=l-77  %      Ratio  98-8:10( 
167=1-79  *•      98*6:10( 


-002 


LlVtT 

tiikeu. 


E,*'pcrnnent  X. — C'at's  liver. 


Total 

1  niituifht.  Glycogen.  Sugar.  carbobydrati 


40  grams.        With  j)eptoiie8  and  blood. 
40  Without 


»i 


0 
0 


2-72  jl 
2-20 


2  hours  at  40"  C.  +0-58 

Ratio  before  and  after  In^iling  with  dilute  IlvS04,  70-6:100,  with  peptones. 

75*4:100,  without  peptone 

E.i'jtcrunent  XI. — Lamb's  liver. 

Total 

Glycogen.  Sngnr.        carbohydrate 


Liviv 
tAkcn. 

Tri'utincnl. 

50  grams. 

With  peptones. 

50 

Without    '* 

0 
0 

4  hours  at  40  0. 
After  boiling  the  sugar  with  dilute  UySOi, 


2-52  J« 
2-51 


2-46 


4( 


(t 


i% 


+  0-01  -0-05 

2-52=2-573^ 
2-51=2-52 
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liTer 

taken. 

60  grams. 
60 


Mtperiment  XIL — Sheep's  liver. 


Treatment. 

With  peptones. 
Without 


<( 


Total 
Glycogen.  Sugar.       esrbobydratei. 

0  1*10^  1-58^ 

0  0-84  0-96 


U  hours  at  40*"  C. 


+0-26 


+  0-67 


LWer 
taken. 

50  grams. 
50 


Experiment  XIII. — Calf's  liver. 


Treatment. 

With  peptones. 
Without     " 
1^  hours  at  40°  C.  and 
16  hours  at  ^O"*  C. 


Glycogen. 

0 
0-22  jr 


Total 
Sugar.       carbohydrate. 

2*80  %  2-86  % 

2-52  2-87 


-0-22 


-018 


-0-01 


After  boiling  the  sugar  with  dilute  H,S04,        2-89=2-71  %      Ratio  88*8: 100. 

2-52=2-62  "     96-4:100. 


<« 


(< 


(( 


<4 
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These  results  show  throughout  no  indications  whatever  of  a  form- 
ation of  sugar  from  peptones ;  on  the  contrary  the  results  are  wholly 
in  accord  with  the  formation  of  liver  sugar  from  the  hepatic  glyco 
gen.  At  the  same  time  it  is  apparent  in  several  cases,  that  the  de- 
crease of  glycogen  is  somewhat  in  excess  of  the  increase  in  sugar, 
which  fact  would  agree  with  the  view  of  Seegen  and  Kratschmer  that 
the  destroyed  glycogen  is  consumed  in  some  other  manner  than  by  con- 
version into  sugar.  But  this  is  in  the  liver  after  death,  from  which  we 
cannot  assume  like  action  during  life.  There  is  further,  in  the  results 
obtained,  strong  evidence  that  the  liver  sugar,  as  found  after  death, 
is  a  mixture  of  maltose  and  dextrose  ;  the  former  presumably  being 
converted  into  the  latter  by  further  ferment  action.  As  to  the  total 
carbohydrates  the  results  certainly  accord  in  a  general  way  with 
those  obtained  by  Seegen.  In  nearly  every  case,  the  presence  of  pep- 
tone gives  rise  to  an  increase  in  total  carbohydrates ;  the  average 
increase  in  8  experiments  is,  however,  but  0*62  per  cent.  This  in- 
crease, though  small,  is  certainly  too  large  to  be  explained  by  the 
assumption  of  analytical  errors,  and  the  increase,  moreover,  is  too  con- 
stant to  admit  of  such  an  explanation.  Futhermore,  it  is  to  be  noticed 
in  several  instances,  that  in  the  presence  of  peptone  the  total  carbo- 
hydrates found  are  greater  than  the  sum  of  the  boiled  sugar  and 
glycogen  calculated  as  dextrose,  while  in  the  control  they  arc  practi- 
cally equal ;  a  fact  which  certainly  lends  favor  to  the  view  that  the 
apparent  increase  of  total  carbohydrates  is  a  real  increase,  due  in 
some  manner  to  the  presence  of  peptone.  Opposed  to  this  view, 
however,  or  rather  to  the  view  that  the  liver  possesses  the  power  of 
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changing  peptone  into  carbohydrates  is  the  fact  that  in  our  experi- 
ments the  same  increase  of  carbohydrates  is  to  be  noticed  after  24 
liours'  contact  with  peptone  as  after  a  shorter  time ;  in  fact  in  oar 
experiments,  time  ai>pears  to  have  no  noticeable  inflacnce  on  the  total 
carbohydrates  whatever,  unless  the  like  results  in  Experiment  XIH 
are  taken  as  confirmation  of  Seegen's  statement  that  after  a  time  the 
newly  formed  sugar  is  decomposed  and  thus  the  content  of  total  car- 
bohydrates falls  back  to  its  original  amount ;  but  in  this  experiment 
there  is  no  evidence  that  the  total  carbohydrates  ever  were  larger  in 
amount.  While  our  results  therefore  corroborate  Seegen's  and  Krat- 
schmer's  statements  regarding  an  increase  of  carbohydrates  in  the 
presence  of  p(>ptone,  we  cannot  consider  that  the  slight  increase  in 
question,  far  less  than  that  recorded  in  their  experiments,  is  suffi- 
ciently pronounced  to  decide  conclusively  upon  such  an  important 
theory.  Furthermore,  the  noticeable  lack  of  increase  in  sugar  in  the 
presence  of  |K'ptone,  excepting  such  increase  as  is  attended  with  de- 
crease in  glycogen,  is  an  additioiuil  reason  for  not  attaching  as  much 
importance  to  the  slight  increase  in  total  carbohydrates  alone,  aa 
might  otherwise  be  done.  Consequently  we  must  conclude  that,  in 
our  opinion,  the  results  obtained  in  these  experiments  do  not  warrant 
the  adoi)tion  of  this  theory  regarding  the  origin  of  the  liver  sugar, 
and  that  without  further  proof  to  the  contrary  we  must  still  adhere 
to  the  formation  of  liver  sugar  from  the  hepatic  glycogen. 
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Globulin    and   Globulose    Bodies.*      By  W.    Kuhne,  Professor 
of   Physiology  in    the   University  of   Heidelberg,  and   R.    H.  , 
Chittenden. 

The  following  investigation  is  a  continuation  of  our  previous 
work  with  the  albumose  bodies,f  and  constitutes  the  commencement 
of  a  study  of  the  various  primary  cleavage  products,  formed  by  the 
action  of  pepsin  from  the  better  characterized  and  purer  albumins. 
Our  work  in  this  direction  was  at  first  bei^un  with  the  albuminous 
bodies  occurring  in  blood  serum,  egg  albumin,  and  in  fibrin  and 
from  the  results  then  obtained  we  were  led  to  the  conviction  J  that  an 
extension  of  the  work  to  the  single  albumins  was  necessary,  particu- 
larly to  serum  albumin,  globulin  and  myosin.  In  the  meantime,  our 
first  conjecture  that  hemialbumose  might  possibly  be  a  mixture,  had 
been  established  and  led  finally  to  the  isolation  of  the  albumose 
bodies  of  fibrin.§  At  this  stage  of  our  work,  fibrin  was  the  only 
albuminous  material  employed  because  it  was  the  simplest  to  prepare, 
was  easily  digestible,  and  hitherto  had  been  mostly  used  in  diges- 
tion experiments.  These  practical  considerations,  to  which  must  be 
added  the  fact  that  fibrin  albumose  was  later  found  as  a  commercial 
article,  were  joined  with  the  advantage  of  being  able  to  make  use  of, 
and  at  the  same  time  extend,  the  discoveries  in  the  chemistry  of 
digestion  which  have  for  decades  been  made  with  this  particular 
albuminous  material.  Other  advantages  for  the  use  of  iibrin  in  this 
connection  cannot  well  be  claimed,  since  its  ]>eculiar  position  be- 
tween the  genuine  and  the  coagulated  albumins,  its  contamination 
with  globulin  and  the  presence  of  nuclei n  and  other  components  of 
the  whit«  blood  corpuscles  tend  to  render  it  perhajis  least  fitted  for 
use  in  an  exact  study  of  albumin  cleavage;  and  since  fibrin  is  of 
importance  as  a  food  stuff  mainly  in  the  form  of  the  commercial  so- 
called  peptone,  there  are  many  reasons  for  proceeding  to  the  study 
of  other  digestible  substances  for  further  results. 


*  This  and  the  following  article  were  ori^nnally  puV>li.she«l  in  the  Zoitschrift  fiir 
Biologie,  Band  xxii.  They  are  republished  hero  to  render  the  series  complete  in 
Kn^lish.  t  See  Araer.  Chem.  Jour.,  vol.  vi,  \t.  3. 

X  Zeitschriffc  fur  Biologie,  Band  xix,  p.  159.  §  Ibid.,  xx,  p.  U. 
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As  HM*  Ii(»|K?  tf>  sliow,  however,  the  results  gained  in  the  study  of 
the  alliiiriiose  hoilies  from  iihriii  are  hy  no  means  to  be  considercti  v 
vahieh'.ss,  hilt  on  the  other  han<1  as  r|nit<'  advantageous  in  the  treat- 
ment of  the  sini^h;  alhuniins,  particuhirly  as  an  aid  in  the  separatioD 
of  tlie  individual  alhiimose  hodi<'S.  Thus  in  our  study  of  globulin, 
now  to  he  dese.rihed,  we  were  ahh*  to  use  methods  already  tested. 

'^I'he  new  method  of  )>reei))itatini;  alhinnose  bodies  by  ammo- 
niinn  sulphate,  which  has  meanwhile  been  discovered  and  which  h 
e<Ttainly  jiarlieularly  advaiitairtMius,  has  not  been  used  in  oar 
Htudy  of  the  glohulose  bodies,  sineo  these  experiments  were  con- 
cluded before  tfie  inlrodiielion  of  that  method.  According  to  obser- 
vations made  hy  Dr.  Neiimeister  in  tlie  Physiological  Institute  at 
Heidelberg,  amm<}iiium  suljihate  appears  particularly  well  adapted 
to  the  ]iurifieati(>ii  of  deuteroalbumose,  since  after  complete  removal 
of  |)rotoalhuniMs(;  hy  sodium  efiioride  and  acid,  deuteroalbumose 
alone  is  preeipitatetl  by  addition  of  the  ammonium  salt.  As,  bow- 
ever,  we  had  aeeoniplislKMl  a  separation  of  the  different  ^lobulose 
bodies  in  anoih<'r  manner,  it  seemed  uinu'cessary  to  use,  in  addition, 

tilt?  new  method. 

(w/ffhtf/i/i. 

From  the  Ii>t  ot  album i nous  bodies  which  occur  in  sufficient  quan- 
tity, Mild  wlii<'h  at  til"  same  time  admit  of  isolation  without  too  great 
ditllruiiy  we  have  rliosen  lor  our  fiiM  study,  globulin.  The  substance 
was  prepared  Irom  llie  senmi  of  ox  blood  by  the  method  of  Hammar- 
steii,  ill  whieli  repe:ited  (jUMntities  of  fresh  serum  were  treated  with 
an  i'.xeiss  of  eiyshilli/.id  mai^nesimn  sulphate  at  a  temperature  of 
:5u'  ( '.  The  |ireeipitate  so  obtained  w:is  eolleeled  on  a  iilter,  washed 
with  a  saturated  solution  of  the  salt,  pressed,  dissolved  in  water,  and 
repre<ipiialed  a  secon<l  time  by  the  atldition  of  magnesium  sulphate. 
The  pre<'ipitate  was  then  <ris>olved  in  water,  a  little  thymol  added, 
an<i  the  solution  dialv/.e<l  in  niniiliiLj  water  in  order  to  remove  the 
niMi;iiesiinii  salt.  The  linal  solution  was  then  eoneentrated  at  40**  C, 
after  which  the  j^lobiilin  was  |)recijiitated  with  alcohol,  washed  with 
ah-ohol  an<i  linally  exiracled  with  ether.  The  substance  so  prepared, 
and  which  still  c(»ntained  some  ma<xiiesiuin  sul]diate,  was  employed 
in  the  diui'stion  experiments.  A  portion  of  the  preparation,  dried 
at  1  H'  ('.  //'  /v/fv/o,  «rave  by  analysis  the  results  contained  in 
the  following  tahle.  'i'lu;  methods  of  analysis  were  the  same  as 
tlM»se  employed  in  our  previous  work.* 

*  (^oniparo  Zcitsclirift   t'lir   l>ii>lo^qo,  H;iiul  xx,  ]).  11,  and  Aiuer.  Chem.  Jour.,  vol. 
vi,  p.  :<. 
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Digestion  of  Globulin, 

The  preparation  proved  to  be  extremely  difficult  of  digcBtion ;  this 
fact,  however,  enabled  us  to  remove  from  the  globulin  the  magnesium 
sulphate  still  remaining,  since  the  large  quantity  of  dilute  hydro- 
chloric acid  added  with  the  small  amount  of  pepsin,  failed  at  first  to 
dissolve  any  of  the  albuminous  matter.  The  undigested  residue  was 
then  finally  treated  with  an  artificial  gastric  juice  much  richer  in 
pepsin.  250  grams  of  the  powdered  globulin  were  at  first  warmed 
with  5  Hires  of  0*2  per  cent,  hydrochloric  acid  for  24  hours,  whereby 
the  substance  swelled  up  to  double  its  former  bulk,  but  only  a  trace 
was  dissolved ;  barely  enough  for  a  filtered  portion  to  give  with 
nitric  acid  and  heat  a  slight  turbidity.  By  the  addition  of  200  c.  c. 
of  normal  gastric  juice*  to  the  swollen  mass  and  warming  it  at 
40°  C.  for  24  hours  longer,  the  albuminous  matter  was  not  appreci- 
ably changed  ;  a  filtered  portion,  however,  became  turbid  on  neu- 
tralization and  a  small  amount  of  albumose  could  be  detected  both 
witli  sodiiim  chloride  and  with  nitric  acid.  The  entire  mass  of  swollen 
globulin  was  then  collected  on  a  cloth  filter,  washed  thoroughly  with 
0*2  per  cent,  hydrochloric  acid  and  warmed  again  at  40°  C.  for  six 
days  with  4  litres  of  a  particularly  active  gastric  juice,  contain- 
ing 0*4  per  cent,  hydrochloric  acid  and  0*46  per  cent,  of  solid  matter. 
By  this  last  treatment,  a  large  amount  of  globulin  was  dissolved. 
As  the  digestive  mixture  would  not  filter  through  cloth  it  had  to  be 
neutralized  directly  with  sodium  hydroxide,  which  gave  an  abundant 
neutralization  precipitate  of  so-called  parapeptone,  easily  collected, 
and  from  which  the  fluid  filtered  perfectly  clear.  In  order  to  obtain 
more  material  for  study,  the  neutralization  precipitate,  together  with 
the  unaltered  globulin,  was  treated  a  second  time  with  3  litres  of  the 
same  active  gastric  juice  for  several  days,  by  which  the  amount  of 
globulin  was  reduced  more  than  half,  as  shown  by  repeated  neutrali- 
zation. 

The  two  neutralized,  digestive  fluids  obtained  in  this  manner,  were 
alike  in  all  respects ;  noticeably-so  in  the  remarkable  fact  that  when 
weakly  alkaline,  they  became  turbid  at  53°  C,  which  turbidity 
increased  as  the  solutions  were  heated  to  boiling.  Furthermore, 
when  made  faintly  acid,  heat  produced  in  both  solutions  an  abundant 
flocculent  precipitate  which  had  the  properties  of  coagulated  albu- 
min. This  coac/tflum  from  digested  (flobuUn  was  purified  by  succes- 
sive washings  with  boiling  water,  alcohol  and  ether.  The  following 
table  shows  the  composition  of  the  substance. 

*  See  Zeitschrift  fur  Biologic,  Baud  xix,  p.  184. 
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6         Kiihne  and  Chittenden — Globulin  and  Globulose  Bodiei, 

Glohulose  Bodies, 

After  removal  of  the  above  mentioned  eoagulum,  the  Holution  re- 
mained i)erfectly  clear  at  all  temperatures  up  to  100"  C,  even  when 
rendered  more  strongly  acid  and  also  on  subsequent  neutral izatioo. 
On  the  addition  of  nitric  acid,  however,  to  the  cold  solutiOD,  a  pre- 
cipitate was  formed  which  disappeared  on  the  application  of  heat, 
reappearing  as  the  mixture  became  cool. 

Crystals  of  salt  alone,  produced  a  heavy  precipitate  in  the  solution, 
while  salt  and  acetic  acid  gave  a  still  further  precipitate,  and  when 
these  reagents  failed  to  cause  any  further  precipitation,  nitric  acid  or 
metaphosphoric  acid  would  still  give  a  noticeable  turbidity. 

In  order  to  separate  the  globulose  bodies  from  one  another,  the 
entire  solution  was  concentrated  on  a  water  bath  to  the  consistency 
of  a  thin  syrup  and  then  rubbed  up  in  a  mortar  with  salt  in  sub- 
stance (the  fluid  being  perfectly  neutral),  complete  saturation  being 
insured  by  long  standing  with  an  excess  of  salt  crystals.  The  pre- 
cipitate so  formed  being  separated  by  filtration,  the  filtrate  was  par- 
tially precii)itated  by  the  cautious  addition  of  30  per  cent,  acetic  acid 
saturated  with  salt,  whereby  a  mixture  of  proto-  and  deutero- 
globulose  was  separated.  After  removal  of  this  precipitate  the 
filtrate  was  finallv  treated  with  more  of  the  above  acetic  acid  until 
nothing  iuither  was  precipitated. 

Tlie  various  ])rec'ipitates  were  then  subjected  to  strong  pressure  to 
rcniovt'  as  much  of  the  salt-saturated  fluid  as  possible,  then  dissolved 
in  water  and  dialyzed  lor  the  complete  removal  of  the  salt  and  to 
separate  heteroglobulose. 

Protofflohulose. 

This  body,  i)r(*ci|»itable  by  sodium  chloride  alone,  was  purified  by 
saturaliuiT  th(;  first  «li:ilyzo(l  solution  again  with  salt,  then  dialyzing 
a  second  time  under  rcpcatc<l  changes  of  reaction,  by  the  alternate 
addition  of  acetic  acid  and  sodium  carbonate  and  finally  by  neutral 
reaction,  until  all  cldorine  was  removed  from  the  solution  and  the 
admixed  heteroghjbulose  completely  sej)arated.  The  clear  filtered 
fluid  was  then  concentrated,  after  which  the  protoglobulose  was  pre- 
cipitated with  alcoliol,  washe<l  with  alcohol  and  ether  and  so  ob- 
tained as  an  ahnost  white  powder.  The  substance,  so  prepared,  gave 
when  rubbed  up  with  cohl  water,  a  filtrate  not  quite  clear  and  with  a 
noticeably  alkaline  reaction.  It  differed  from  a  solution  of  proto- 
albumose  from  lil>rin  in  one  res])ect,  viz  :  that  on  boiling  in  the  pres- 
ence of  a  small  amount  of  sodium  chloride  it  became  quite  turbid, 
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the  turbidity,  however,  disappearing  completely  as  the  solution  be- 
came cool,  (the  opposite  of  the  albnmose  reaction  :  compare  Zeitschrift 
f  <lr  Biologic,  Band  xx,  p.  45).  We  think  it  may  be  assumed  that  this 
single  deviation  from  the  reactions  of  fibrin-protoalbumose  is  not 
due  to  the  presence  of  impurities  (heteroglobulose,  etc.),  because  no 
beteroglobulose  whatever  separated  from  a  portion  of  the  sample, 
even  after  dialyzing  a  week  longer.  If  the  solution  was  made  even 
very  slightly  acid  or  alkaline,  the  turbidity  did  not  then  occur  on 
heating.  Further,  the  small  content  of  ash  (0'4  per  cent.),  which  con- 
sisted only  of  calcium  sulphate  with  a  trace  of  ferric  oxide,  testifies 
to  the  purity  of  the  preparation  and  the  completeness  of  the  dialysis. 
The  preparation  was  analyzed  with  the  results  shown  in  the  accom- 
panying table. 

J)euteroglobulo8€. 

This  body  is  about  as  difficult  to  purify  from  the  preceding  one  as 
deuteroalbumose  from  protoalbumose.  We  succeeded,  however,  in 
separating  it  by  rejecting  the  first  portions  of  the  precipitate  pro- 
duced by  acetic  acid  and  sodium  chloride  and  using  only  the  last 
portions  precipitated ;  or  after  the  acetic  acid  failed  to  give 
any  further  precipitate,  by  using  the  small  precipitate  produced 
by  the  moderate  addition  of  alcohol.  This  last  precipitate  naturally 
enclosed  considerable  sodium  chloride,  but  the  deuteroglobulose 
was  obtained  perfectly  pure  after  removing  the  salt  by  dialysis, 
since  the  globulose  solution,  even  when  noticeably  acid,  gave 
no  turbidity  whatever  on  the  addition  of  salt  in  substance.  The 
quantity,  however,  was  unfortunately  too  small  for  analysis.  It  suf- 
ficed only  for  determining  the  reactions,  which  agreed  with  those  of 
the  substance  obtained  by  the  later  precipitation  with  acetic  acid 
except  in  one  particular,  viz :  that  the  latter  preparation  in  a  neutral 
or  slightly  alkaline  solution  showed  an  extremely  slight  turbidity  on 
the  addition  of  crystals  of  sodium  chloride.  All  other  reactions  were 
identical  and  corresponded  so  completely  with  those  of  deutero- 
albumose that  it  is  only  necessary  to  call  attention  to  the  latter  (see 
Zeitschrift  fUr  Biologic,  Band  xx,  pp.  26-28,  or  Amer.  Chem.  Jour., 
vol.  vi,  pp.  46-47)  and  to  especially  mention  the  non-precipitation  of 
deuteroglobulose  in  a  solution  free  from  salt,  by  nitric  acid  in  any 
quantity  and  at  any  temperature. 

Since  no  heteroglobulose  whatever  separated  from  the  solution  of 
the  last  acetic  acid  precipitate  during  dialysis,  oven  with  repeated 
change  of  reaction,  the  substance  was  therefore  prepared  for  analysis, 


] 


8        Kuhue  ujid  Chittendefi — Olobulin  and  Ohbtdoae  BodUi. 


at 


>K 


•  t 

•  ■   • 


'       O       O  ' 


^f      >•/      fm 


^  a  s 
^  a  7i 

.^     S     Co 


CO      v«. 


0» 


91 


U-  T"  /< 

'  C  g  +  i 

rl2  -5  S:    «« 


S 


9 


U?; 


O) 


U4 

O 


a 


CO 

o 


1^      -^ 


{5 
I- 


X 


I- 


00 


06 


• 

^ 

3C 

^* 

<«« 

•  T 

CO 

^* 

• 

O) 

• 

i- 

c> 

•  , 

a 

Sd 

C     •        •        •       •      •    I  • 


S 


00 

1ft 


^     « 


•-      «- 
o      ^ 


s 

CO 


o 
o 


i 


3 

I 

8 


:s  ; 


I 

•     (  en 


•        •     •         • 


;s 


to 


s 


•  •  I 

■  •  • 

I  •  • 
vH  CD       • 

to 


00   M2 


•  •  • 

•  •  • 

ii  CO      •  •  • 
IS 


lO 


o  a  fc  oQ  o 


^.     X     u 


^      c/ 


X 

w 
J*: 


CO 


CO 


iO 

CO 

»o 


o     o      o      o      o     o      o 


o 


o 
55 


^- 


> 


K    w 


Knhne  and  Chittenden —  Globulin  and  Globulose  bodies.         9 

Riinply  by  concentration  of  the  solution  freed  from  chlorine,  pre- 
cipitation with  alcohol  and  washing  with  ether.  The  ash  (1*17  per 
cent.)  consisted  only  of  calcium  phosphate  and  a  trace  of  sulphate. 

Ileteroglobulose. 

This  body  was  obtained  from  the  gummy  precipitate  which  sepa- 
rated, during  dialysis,  from  the  solution  of  the  first  precipitate 
thrown  down  from  the  neutralized  digestive  fluid  by  salt  alone. 
The  sticky  mass  was  separated  from  the  sides  of  the  parchment 
tabes,  dissolved  in  sodium  chloride  of  from  3  to  5  per  cent.,  repre- 
cipitated  by  saturation  of  the  solution  with  salt,  the  precipitate  again 
dissolved  in  dilute  salt  solution  and  the  substance  finally  separated 
by  long  continued  dialysis  in  running  water.  After  thorough  wash- 
ing with  water,  alcohol  and  ether  it  appeared  as  a  light,  white 
powder,  not  unlike  heteroalbumose  in  general  behavior  and  reac- 
tions. Afler  each  precipitation  and  treatment  with  dilute  sodium 
chloride,  heteroglobulose  left  a  residue,  which  like  dysalbumose  was 
readily  soluble  only  in  dilute  acids.  From  the  following  analysis 
it  is  to  be  seen  that  the  preparation,  in  spite  of  its  long  continued 
and  repeated  dialysis,  contained  2'03  per  cent,  of  ash,  which  con- 
sisted mainly  of  calcium  carbonate  with  a  small  amount  of  phos- 
phate and  sulphate. 

The  composition  of  the  three  globulose  bodies  shows  the  same 
slight  differences  as  noticed  in  the  case  of  the  various  albumose 
bodies  (from  fibrin).  Unlike  the  latter,  however,  the  content  of  car- 
bon in  the  globulose  bodies  never  falls  below  51  per  cent.,  and  fur- 
thermore it  is  always  higher  than  that  of  the  globulin  from  which  the 
globulose  was  derived.  The  percentage  of  nitrogen,  which  in  the 
albumose  bodies  was  found  a  little  higher  than  in  fibrin,  exceeds  that 
of  the  globulin  more  yet,  in  some  cases  by  more  than  1  ])er  cent., 
and  the  same  holds  true  of  the  percentage  of  sulphur.  In  contrast 
to  the  albumose  bodies,  the  percentage  composition  of  the  globulose 
bodies  gives  no  grounds  whatever  for  the  assumption  that  they  arise 
Irom  the  digested  globulin  by  simple  hydration.  It  must  not  be  for- 
gotten, however,  that  the  digestion  of  globulin  by  gastric  juice  is  a 
process  quite  diflferent  from  that  of  fibrin  digestion  and  one  hitherto 
much  less  clearly  understood,  since  besides  the  globulose  bodies 
there  is  formed  a  large  quantity  of  a  substance  which  is  sei>arated  by 
boiling  and  which  resembles  ordinary  coagulated  albumin.  Some- 
thing similar,  indeed,  has  been  known  ever  since  Brilcke's  study  of 
fibrin  digestion,  but  it  has  long  been  accepted  that  the  coagulum 
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obtained  by  Brttcke  on  boiling  the  neutralized  digestive  fluid,  arose 
from  the  globulin  present  in  the  fibrin  employed,  which  had  not  been 
previously  washed  with  salt  water.  Globulin,  moreover,  yields  this 
body  in  much  greater  quantity,  even  after  several  days'  exposure  to 
the  action  of  an  energetic  gastric  juice  and  it  was  still  found  abund- 
antly among  the  products  of  a  second  digestion  of  the  first  neutral- 
ization precipitate. 

Comparison  of  the  Analyses, 
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In  this  review  of  the  composition  of  globulin  and  of  the  products 
of  its  digestion  we  have  included  also  an  analysis  of  fibrin,  of  a 
fibrin-albumose  and  of  hemialbumose  from  the  urine  of  a  person 
with  ostcomalachia. 

We  call  attention  again  to  the  latter  because  its  surprising  corre- 
spondence, especially  to  heteroglobulose,  appears  to  confirm  the  be- 
lief, expressed  in  our  former  paper  that  the  difference  in  the  albumosc 
from  urine  and  that  from  fibrin  depends  on  the  formation  of  the 
former  from  an  albuminous  body,  whose  digestion,  at  least  as  regards 
the  formation  of  albumose  bodies,  was  then  unknown,  and  for  which 
we  had  already  turned  to  globulin. 

In  order  to  gain  further  information  concerning  the  cleavage  of 
globulin  in  the  process  of  digestion,  the  remaining  material  was  used 
in  the  following  experiments. 

1.  Heteroglobulose  dissolved  in  0*3  per  cent,  sodium  carbonate 
and  warmed  at  40®  C.  for  fourteen  days  with  pure  trypsin  (with  the 
addition  of  thymol,  as  usual)  remained  perfectly  clear,  even  after 
neutralization,  and  failed  to  yield  afterwards  any  body  resembling 
aiitialbumid.  Among  the  products  of  the  digestion,  there  was  found 
in  addition  to  an  abundance  of  antipeptone,  only  a  trace  of  leucin,  no 
tyrosin  whatever,  while  with  bromine   water  the  alcoholic  extract. 


♦Compare  Zcit.schritt  fiir  Biologie,  Hand  xix,  p.  202. 
X  Aecordiui;  to  llammarsteu. 


f  Il)id..  Band  xx,  p.  40. 
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which  had  been  dissolved  in  water  after  driving  off  the  alcohol, 
became  simply  a  little  darker,  but  not  rose-colored  or  violet.  Hence 
heteroglobulose  is  to  be  considered  as  belonging  to  the  anti  group. 

2.  Protoglobulose,  which  still  contained  some  heteroglobulose, 
when  treated  in  the  same  manner  with  trypsin,  behaved  similarly 
but  afforded  besides  an  abundance  of  leucin,  also  some  ty rosin  and 
an  extract  wliich  became  deep  violet  on  the  addition  of  bromine 
water.  Hence  protoglobulose  gives  evidence  of  belonging  to  the 
hemi  group. 

Finally,  we  submitted  to  the  digestive  action  of  tryi)sin  the  third 
and  fifth  precipitates  (so-called  parapeptone)  which  were  separated 
in  continually  decreasing  quantities  by  neutralization,  alter  renewed, 
energetic  pepsin  digestion  of  the  original  globulin.  Both  failed  to 
yield  any  coagulum  during  their  digestion  with  0*3  per  cent,  sodium 
carbonate,  and  after  the  trypsin  had  acted  for  fourteen  days,  neu- 
tralization with  acetic  acid  yielded  a  heavy  precipitate,  while  consid- 
erable antipeptone  was  found  in  the  solution.  Although  the  diges- 
tion of  the  third  ueutralization  precipitate  still  afforded  a  trace  of 
leucin  and  tyrosin  without  giving  any  reaction  with  bromine,  no 
leucin,  tyrosin  or  a  substance  colored  by  bromine  water  could  be 
obtained  from  the  precipitate  separated  after  the  fifth  pepsin  diges- 
tion. 

Hence  globulin,  like  fibrin  and  other  albuminous  bodies,  yields  dur- 
ing pepsin  digestion  at  the  last  only  bodies  of  the  anti  group,  which 
are  peptonized,  though  slowly,  by  trypsin,  but  yield  no  further  cleav- 
age products. 


Pi:rn»NKs.     ]$v  W.  Ki'iiNK  and  R.  II.  Ciiiitexokn. 

SiNiK  tluTo  lias  hivii  tlisi'overini  in  neutral  ammoniuin  sulphates 
nu'inis  for  tin'  oompK-ti'  ])ivripitati(>n  of  the  iilbunioso  bodies,  we 
liavf  \h'v\\  intlurt'«l  tt>  taki»  \i\*  anew  on:  rt)rinor  invesliijations  on  the 
luhavior  an«l  rnnipo^iiion  of  ]M'ptonc*s.  As  these  latter  boilies  are 
not  pn  ripita(i'«]  l»y  \hv  anunoninni  salt,  we  had  expected  to  obtain 
pi-pt«Mus  ivrv  iVoni  the  primary  eleavai^t*  products  «»f  albumin  ami 
thirrby  athanre  another  step  in  our  knowledije  of  the  definite  jirod- 
ui't**  of  thr  proioolytii*  aetion  botli  t»f  pepsin  and  of  trypsin.  He- 
newi'il  invi'>lii^ati<»n  was  demanded  bv  tlie  nrobabilitv  tliat  hithtrio 
pep>in-pi*pion»>  eiitirily  trie  from  ali)Uinose  have  never  been  eb- 
tainid,  for  smh  pfptt>nrs  as  are  to  be  tound  in  eommerce  or  in  the 
hands  of  ilu'  mo^i  eart-t'iil  investigator  of  gastric  digestion  can 
nadilv  hi'  shown  ti>  eontain  an>utnosi>  l>v  saturating'  a  stdution  of 
tht'  pnparation  witli  aniMioninm  sulpliate.  There  will  result  an 
ahiindani  prfcipitatr  of  albnniose  and  a  surprisingly  small  residue 
of  nini-pniipilaii'd  pi  p  iMies  or  the  rntire  absence  of  sucb  a  residue. 
()iilv  antiprploni'  obtained  by  trypsin  digestion  will  ooeasionally 
form  .ill  cvripiioii,  and  I'ViMi  then  in  nn)si  cases  we  cannot  but  doubt 
that  tlie  jMpt"iii-i  ^t»  formnl  an*  wholly  free  fn>m  albumose. 

In  ouhr  lo  1m-  (M-rtain  of  tlie  presence  of  peptones  in  a  digestive 
tluitl.  ii  mii>t  lu-  ma<h-  sli^htlv  aciil  with  acetic  acid,  rubbed 
Mpwith  aniiMoiiinm  ^nlphale  till  saturateil  and  then  filtered  from 
ihc  exi<  >s  of  salt  ami  the  albiimosi'  jirecipitate.  If  the  filtrate 
i>  iheieiipnii  tnated  with  a  large  excess  of  strong  sodium  hydrox- 
ide and  then  a  few  drops  of  very  dilute  cupric  sulphate  be  added, 
the  api»earani*e  of  the  ro^y  retl  color  of  the  biuret  reaction  will 
indicate  the  proence  of  ptpioms.  If  ])eptones  are  absent  the 
iliiitl  will  he  pure  blue  without  a  tinge  of  violet,  since  the  solution 
ran  ciMitain  no  other  albiimiiiou«»  body.  Kven  after  an  apparently 
energetic  jicpsin  digotion  the  latter  result  is  not  at  all  rare,  and  a 
heavv  precipitate  by  the  ammonium  salt  is  m)  frequently  seen,  that  it 
is  still  to  be  doubted  whether  there  is  a  pepsin-acid  digestion  which 
causes  the  disa|)pearance  of  all  albumose.  On  the  contrary,  the  albu- 
mose ]irecipitate  after  a  suiliciently  long  and  energetic  trypsin  diges- 
tion is  vi'ry  slight  and  peptone  is  to  be  fotind  abundantly  in  the 
solution. 


/ 


Knhne  and  Chittenden — Peptone,  15 

Wo.  have  endeavored  to  prepare  pure  peptones  in  quantity  irom 
the  solution  saturated  with  ammonium  sulphate.  For  this  purpose 
the  solution  was  first  freed  from  the  greater  part  of  the  salt  by  con- 
centration and  crystallization.  During  this  process  a  small  amount 
of  a  nitrogenous  substance  separated,  perhaps  albumose  formed 
again  from  peptones  when  the  solution  was  vigorously  boiled  and 
the  temperature  rose  to  110°C.  The  mother  liquor,  after  suitable 
dilation,  was  boiled  with  hot  saturated  baryta  water  until  all  ammonia 
was  expelled,  during  w.iich  operation  the  precaution  was  taken  to 
use  no  excess  of  barium  hydroxide  and  thus  decompose  the  peptones. 

From  time  to  time,  therefore,  portions  were  filtered,  tested  for 
sulphate,  and  when  this  became  small  in  amount  the  last  portions  of 
sulphuric  acid  were  removed  by  barium  carbonate.  From  the  fil- 
trate, which  always  contained  much  barium,  the  latter  was  entirely 
removed  by  dilute  sulphuric  acid,  either  immediately  or  after  a  pre- 
vious purification  of  the  barium  peptone  compound.  The  peptones 
were  then  precipitated  with  alcohol  and  occasionally  further  purified 
with  phosphotungstic  acid.  Naturally  the  large  amount  of  ammo- 
nium sulphate  to  be  removed  formed  a  correspondingly  troublesome 
quantity  of  barium  sulphate,  which  could  be  handled  only  in  large 
filtering  bags,  and  occasioned  a  large  loss  of  peptone  in  spite  of  a 
most  careful  washing  of  the  precipitate  with  boiling  water  and  the 
application  of  pressure.  On  evaporatuig  the  peptone  solution,  which 
contained  but  little  salt,  no  resinous  precipitate  resembling  albumose 
was  to  be  seen. 

1.  Amphopeptone. 

We  have  designated  as  amphopeptone  the  end  product  of  the 
digestion  of  albumin  by  pepsin  and  acid.  The  first  attempt  to  obtain 
this  peptone  free  from  albumose  and  in  a  quantity  in  some  dep;ree 
proportionate  to  our  wants,  showed  us  that  there  was  needed  not 
only  the  most  active  digestive  fiuid  possible  and  long  exposure  to  a 
tem|>erature  of  40°  C,  but  also  a  very  large  amount  of  pepsin.  Such 
a  quantity  of  the  ferment  could  be  procured,  however,  only  by  first 
dissolving  considerable  quantities  of  the  mucous  membrane  of  the 
stomach  in  acid ;  quantities  which  must  be  taken  into  consideration, 
in  addition  to  the  fibrin  to  be  digested,  since  something  is  formed  in 
the  self-digestion  of  the  mucous  membrane  which  necessarily  remains 
mixed  with  the  peptone.  It  is  known  that  mistakes  have  already 
been  committed  by  not  distinguishing  the  products  arising  from 
the  material  of  the  mucous  membrane,  from  those  derived  from  the 
digested  substance.     For  example,  Hoppe-Seyler's  erroneous  asser- 
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tion  that  pepsin  digestions  yield  leuein  and  tyrosin,  rests  wholly 
upon  this  circumstance,  for  since  the  digestion  of  the  mucous  raem- 
brane  always  commences  with  the  disappearance  of  a  mucilaginous 
substance,  the  derivatives  of  the  latter  must  necessarily  be  expected 
in  the  resultant  solution.  Probably  for  this  reason,  artificial  gastric 
juice  whiclj  has  been  prepared  from  mucous  membrane  and  is  no 
longer  mucilaginous,  gives  a  precipitate  when  treated  with  alcohol 
which  differs  much  from  the  precipitates  of  albumose  and  peptone  in 
being  almost  as  elastic  as  rubber  and,  as  a  rule,  forming  when  shaken, 
a  single  ball  in  which  the  pepsin  is  then  ordinarily  inclosed.  We 
have  not  yet  examined  this  substance  closely,  since  in  the  course  of 
the  investigations  to  be  described,  another  more  suitable  method  for 
precipitating  and  isolating  the  ferment  has  been  discovered.  We 
shall  designate  this  elastic  body  for  convenience,  mucin- peptone. 
This  inucin-peptone  might  possibly  conceal  the  whole  amount  of  pep- 
tone expected  from  the  digested  fibrin,  or  remain  mixed  with  the 
latter  in  considerable  quantity.  In  spite  of  this  objection,  which  we 
at  no  time  lost  sight  of,  we  prepared  a  quantity  of  fibrin-peptone 
without  attempting  to  remove  or  to  prevent  the  mixture  in  question. 
The  observations  made  by  Dr.  Pollitzer*  in  the  Physiological  Insti- 
tute at  Heidelberg,  on  the  influence  of  pepsin-peptone  free  from  albu- 
mose on  coagulation  of  the  blood,  were  performed  with  such  ampho- 
peptone,  which  is  not  perfectly  pure. 

Supported  by  the  following  analyses  of  this  peptone  in  our  pre- 
sumption that  it  was  rendered  impure  by  mucin-peptone,  we  sought  a 
process  that  would  exclude  this  impurity.  This  was  found  almost  of 
itself  after  we  had  noticed  that  ammonium  sulphate  invariably 
precipitated  from  the  acid  solutions,  in  addition  to  albumose,  the 
entire  quantity  of  active  pepsin.  While,  therefore,  nothing  capable 
of  digestion  with  acids  could  in  any  way  be  obtained  from  the  fil- 
trates, an  exceedingly  active  juice  was  formed  by  dissolving  the  pre- 
cipitate in  dilute  hydrochloric  acid.  Hereafter,  we  accordingly  pre- 
])ared  the  strong  pepsin  solution,  by  simply  precipitating  large  quan- 
tities of  very  concentrated  gastric  juice  containing  0*5  per  cent. 
hvdrochloric  acid  with  ammonium  sulphate  and  dissolving  the  resin- 
ous precipitate,  which  did  not  contain  an  objectionable  quantity 
of  albumose  bodies,  in  fresh  dilute  acid.  By  this  means  the 
muciii-jK'ptonc  was  gotten  rid  of,  since  it  could  not  be  precipitated 
by  ammonium  sulphate  and  thus  a  new  method  was  found  for  prepar- 
ing and  isolating  pepsin,  which  we  shall  enter  upon  at  another  time. 

*  Verhaiidl.  d.  ^'aturhist.  mod.  Verein  zu  HeideUnjrg,  N.  F.  Ill,  p.  293. 
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1 .  Amphopeptone  prepared  with  ordinary  (fastric  juice. 

Gastric  juice,  prepared  from  145  grains  of  isolated  mucous  mem- 
brane from  the  fundus  of  pigs'  stomachs  by  two  days  self-digestion 
in  two  litres  of  0*4  per  cent,  hydrochloric  acid,  was  added  to  585 
grams  of  well  washed  and  boiled  fibrin,  previously  swollen  in  four 
litres  of  acid  of  the  same  strength  and  the  whole  warmed  for  two 
days  more  at  40*  C.  The  thin  fluid-like  mixture  so  obtained,  was 
neutralized  with  sodium  hydroxide  and  then  filtered  from  the  undis- 
solved residue  of  the  mucous  membranes  (nuclei  of  the  gland  cells) 
and  the  slight  neutralization  precipitate.  After  being  made  slightly 
acid  with  acetic  acid,  the  fluid  was  heated  to  boiling,  evaporated  to 
two  litres,  then  saturated  with  neutral  ammonium  sulphate,  separated 
from  the  slight  coagulum  and  precipitated  albumose,  again  concen- 
trated to  one  litre  and  freed  from  a  large  portion  of  the  ammonium 
sulphate  by  crystallization  at  0°  C.  In  order  to  still  further  separate 
the  salt,  the  solution  was  treated  with  one  litre  of  absolute  alcohol, 
again  placed  in  the  cold,  and  finally  strained  through  linen  to  remove 
the  fine  powdery  salt,  which  was  wholly  free  from  precipitated  pep- 
tone. After  having  been  freed  from  alcohol,  by  vigorous  boiling  and 
concentration  to  the  consistency  of  syrup  and  from  much  salt  by 
crystallization,  the  thick  fluid  was  filtered  by  suction,  boiled  after 
mnch  dilution  with  a  large  amount  of  barium  carbonate  until  the 
odor  of  ammonia  had  vanished.  From  the  solution,  separated  from 
the  barium  sulphate  and  again  much  concertrated,  alcohol  precipi- 
tated the  peptone  as  a  barium  compound  w^hich  could  be  freed  from 
salts  (especially  sodium  chloride)  by  repeated  jirecipilation  and  boil- 
ing with  alcohol.  Finally  the  barium-peptone  was  decomposed  as 
much  as  possible  with  dilute  sulphuric  acid.  As  was  seen  later  from 
the  concentrated  peptone  solution,  there  remained  dissolved  a  trace 
of  sulphuric  acid,  but  only  enough  to  make  the  fluid  assume  a  slight 
opalescence  after  boiling  with  barium  chloride  and  hydrochloric  acid. 
An  attempt  was  made  to  purify  the  isolated  peptone  by  evaporating, 
precipitating  with  alcohol,  dissolving  in  water  and  reprecipitating 
with  alcohol.  This  did  not  succeed  well,  as  shown  later  bv  the  hiu:h 
percentage  of  ash.  By  drying  first  on  a  water  bath,  then  in  an  air 
bath  at  105*  C.  with  frequent  stirring,  which  destroye<l  the  firm 
resinous  surface,  the  peptone  gradually  became  solid,  and  changed 
to  a  puffed  up  mass.  The  resulting  product  could  be  ground,  when 
cold,  to  a  light,  very  hygroscopic  powder  and  w-eighed  in  this  condi- 
tion 25  grams. 


Ill  an  attempt  to  dry  the  substance  for  analysis,  during  which  the 
toiniKTaturc  was  allowtMl  tn  rist*  to  llO"*  (\  it  was  found  impossible 
to  o])tain  a  constant  weight,  perhaps  on  account  of  decomposition 
silting  in,  as  sumrcsted  by  an  un])leasant  odor  wliich  had  begun  to 
develop  while  on  the  water  ))at}i.  l\)rtions  of  8-10  grains  lo^t  daily 
0-03-0()4  irrani.  The  analyses  were  accordingly  inad^  only  after 
(Irving  many  days.  I\)rtions  purified  with  alcohol,  dissolved  in 
boiling  water  with  a<ldition  of  hydnjchloric  acid,  ^ave  no  re<ictioDlo 
be  distinguishetl  whi'U  heated  with  barium  chloride. 

Carbon,  hyilroir^.n  -md  nitroi^en  were  determined  as  before,  the 
Milphur  by  a  metho«l  aln*a<ly  used  by  us  to  some  extent,*  viz:  hy 
fusitni  with  pota>*iiuni  hytlroxide  and  potassium  nitrate  accordiiic  to 
the  method  distinguished  by  Hammarsten  as  la.f 

Till'  results  of  tlu'  analysis  (Amj»hopeptone  A),  shown  bv  the 
following  table,  were  hardly  satisfactory  and  the  low  percentage  of 
carbon,  partieularly,  was  quite  a  surprise  to  us,  hence  we  proceeded 
at  onei*  to  tlu*  previously  uK'utioned  preparation  of  a  peptone,  which 
would  probably  bo  rendeied  less  impure  by  derivatives  of  the 
niu<M)u>  nu'iiibrane  and  whieh  wotdtl,  moreover,  be  easier  to  purify 
further. 

•J.   .  1  nii^lutprptoHv  pn/Kireif  ir'ith  jnirijied pe2}8i7i. 

/'/v//'//-'///*o//  <if  fin  jK'ffsin, — \2'l^)  grams  of  isolated  mucous  mem- 
br.'ine  fi'oni  the  fundus  of  ten  pigs'  stomachs  were  warmed  at  40"  C. 
with  x'Ncn  litres  nf  o-.")  per  cent,  hydrochloric  arid  for  six  days.  The 
niixiuie  w:l'^  then  Miturated  directly  with  ammonium  sulphate,  by 
which  :i  n'siiiMii^  |)rccipitatc,  with  lai'ge,  sticky  lumjjs  was  formed 
e.i-ily  collected  on  a  cloth  tilter.  After  pressing  out  the  salt  solu- 
tion a^  much  :is  possible  an«l  washing  with  water,  the  ii:umniv  mass 
was  •lissnlvid  in  IIm'  litres  of  ot  per  cent,  hydrochloric  acid  and 
w.inne.l  Mgjiin  at  to  ('.  for  a  few  <lays.  Then  for  the  first  time  it 
was  liliered  through  papiT.  .Vs  ])reliminary  experiments  had  shown 
that  gastric  juice  which  contMins  small  <iuantities  of  ammonium  sul- 
])h;iti'  Mn.Ms  cMsily,  the  second  digestion  and  the  following  fibrin 
digestion  were  <-:irried  «»n  in  the  |)resence  of  0-2.")  per  cent,  of  thymol 
wliich  wholly  prcvenlcMl  the  formation  of  mold.  The  mass  sub- 
mittetl  for  the  second  time  to  self-digestion,  gave  now  with  the  ammo- 
nium   salt    a   much    smaller   preci|>itate,  which  contained  only  a  very 

*  (IniiipMn-  oui  «'.'irli(.M'  p;i])(TM.     Zviisclirirt  fiir  liiologic.  vols,  xix  and  xx. 
I  Ze  it. sell  rift  lur  plivsiol.  (■liein..  vul.  i.v,  p.  L'SS. 
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A  ■' '    •    'iff  t 'j.lrt.  tt,K  t, — /*•/■'•*/«#■/«. 


'f . 


•:'  ■'."?'  .':.-■;  ''.■'•]:.r>  w*.i"»-  a   |".»rtion  'liirested  asfttiiA 
■. !  i- :.-.  v.rii   tK-  -liiT' '.   n.-Ll  ;o  ••:"  aD^rimins  from  tltt 


\\- 


•  -r  •  f.v  • 
^;.   TV     irr. 
•A- 1-    1  la.      ; 
rii'r-.ii-    .".• 

•  I.'i!i'j*  r. 

hiy.^fi'.,.  .,r'  *h*  fff'-in. — i'.-'t  •  ::r:\ni*  of  wa'^liC"!  but  not  boiW 
tihrif;  'A.i*-  .|i„'/*f»-.|  uitji  tI,»>  Twio«-  |irofipitatfi  pfp<iii,  wbicb 
u;i-   -li-- ■i.'-l    ii:   T.-ii    iitri-^  •-!"  ^r\   pvr  ct-nl.  Iiy«ip»i-hIor!c  acid.    To 

•  ill?.'!!!:  ;i'  !.ri»'  :i;Ji:iiri'.*»-  au'l  a^  luu.-h  po|'i«.'i]»'  a*  pO'.^ililo,  the  mil- 
TUP"  u.i-  :i;i"A.-.l  r..  MTiiiiiii  at  :'.7*-*"*  C  K»r  two  ueoks.      At  the  end 

•  -t'  ifiat  tirn-.  rl!*.  n  <!  p-Mtii-ri^  \r\i\\-  t»iily  ^lii^ht  j»rt*cipit:iti«nis  by  iiea- 
Ti.ili/ iii'.n.  I'liT  ;i  |j-jvy  |incijiit:itf  \va<  obtuiiu-tl  with  ainmoninm 
-rilj.liii''-,  uJTli  -...liurn  •:lilnri'l«\  with  *iiviiiiin  olii':>ri«le  aiitl  noetic  aci'l, 
:iii"l  ^till  tiiiflif-r  Ky '•D'liuTii  <;lili'ri«lc  and  nitric  aci«l  or  im.*taj»h"5 
jiliMii'-  :iri«l.       Nrv'if liilis-  tin*  tiltrat<f  satiirato«l    with    ainiuoniura 

-lllpliati-  '-nlitMiiiiil   Iijilrl!    |M-|)tone.* 

J'i't ffir'ifl"f>  ninl  i,ur',fn'titnni  of  tfif  pK^^toUf. — For  this  purpose  the 

lilt  rat  I     u;j-    ri'iitF.iliz' il    uitli    >'»«liiHn     liv^lroxiile,   filtiTod    lliroinrh 

liinii,  i".|nri:illy  h'V  niii'»\  iiiL'  Um*  inipuritifs  of  the  fihrin,  the  filtrate 

-li;:frily  ;i'i'lili' i|   with  aci-iic  sirid,  ciinofnlratcd  to  ahoiit  four  Hlns, 

|.n'<'i|'ilati 'I    with    :iii    «\r-i*x    cf  minnoninm   sulphate,   filtered   ami 

iin  --111.  Mm-  -'-lilt  inn   l>oiIr(]  -AJth    hrniiiin  }ivdroxi«lu  and  finally  with 

l.;niii!i;  «';i!li.iii;iH-  iiii'l  A  \\\\''^i-  «|iiant  it  y  of  watcr,  lint  il  ammonia  cuiihl 

jio   Imiijim    111-  <l«t«  '-ii-il.     Thf  harinrn  sulphate  was  then  ri'inoved  by 

till  i.'itiiiri    thriHinIi    r|<,ili    IkilT"^   whidi   wi-n*    rej»eatcdly    waslied    ami 

pit --I'd.    ih«'   -•iiiticMi  rvMpnratid    ti»  ahont   lour  litres,  the   harium- 

j)«|.t«iiM'  ih  rr,rii)H.si-«l  with  a  very  >Ii'jfht  excess  of  sulphuric  acid,  the 

iH'W  |»n(i|iit :it<- «»t'    l>;iriiini   ^ulphatr   tlitcn-d   oil',  the  solution  conccn- 

Ir.'Mc'l  iot\\i«  litres,  tin'  In-r  ;ii:id  iM-utraiizt'd  witli  ammonia  and  after 

coorm.;,  ^i\    piT   iTiit.    Krii:lisli   sulj»hnric   acid    (previously   diluted) 

was  M<lilid  :  thru  i  Ik'  siiljihiirir  ai'id-pcptone  solution  was  precipitated 

with  a   iaiLi'- <x<'»'>s  (it*  jihc^pliolunnsiic  acid,  the  precipitate  washed 

rn>t    with   si\  per  cent.   Milplinrie  acid,  then  with  a  lar^e  quantity  of 

water,  after  which    the   (NMnpnmid    wa>  dcccunposed    with    excess  of 

hariuiii   hydiMxicJe  and    the  ('xce>s  comnletclv  removed  from  the  fil- 


*L:iT«.T  fxiiciiinciM-  l:;iv  .-Iiowii  tli;it.  iM-psiii  :n'ts  inih.'li  niciro  onLTf^i'tli'ally  if  tb? 

siniiiKiiiItiTn  siil[i]ifii('  i»'  cuiiipli-iily  r«'iii<i\iil  li\-  (li;il\>is.  lH'f(»n»  e:>oli  new  solution  and 

dijrosii(Hj  of  tin-  iHji-iii-«'(Hi!:iiiiiiiL'.  jirifipit.-iii-  in   liMln-flih^rir  jK'id,  aiiu  further,  tirar 

nearlif  p'tr*  j>'}'^in  lici-firm-*  wliolly  iii.i-.-tivi.*  Iiy  l)i'i?i.r  w.inntil  wiili  diluti*  hyiinvlilt^rio 

cid  in  t}i<'  ]iri-<^>  lu-i.'  uf  <>v<ii  sniajl  iiui(iiiitic<t  of  .-inMiioriiurii  siil]»iinte. 
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trate  with  solphuric  acid.  The  peptone  solution  thus  obtained  had  a 
distinctly  acid  reaction,  and  strange  to  say,  contained  hydrochloric 
acid,  which  was  hardly  to  be  expected  after  the  very  careful  washing 
which  the  precipitate  had  received.  The  solution  was  neutralized 
with  ammonia  to  render  the  acid  harmless  on  concentration.  Then 
we  succeeded  in  obtaining  the  evaporated  residue  free  from  ammo- 
nium chloride  by  repeated  precipitation  and  boiling  with  alcohol. 

As  already  mentioned,  the  method  gives  rise  to  much  loss  and  the 
same  holds  true  of  the  otherwise  excellent  precipitation  of  peptone 
by  phosphotungstic  acid  according  to  the  method  of  Hofmeister,  for 
so  far  as  our  experience  extends,  peptones  cannot  be  completely  pre- 
cipitated in  this  manner.  There  arises  in  the  filtrate,  containing 
excess  of  phosphotungstic  acid,  not  only  additional  turbidity  and 
precipitation  due  to  peptone,  but  considerable  quantities  of  peptone 
are  still  found  in  the  liquid,  which  has  perhaps  remained  clear  for 
months,  if  treated  with  barium  hydroxide ; — a  circumstance  which 
we  were  not  able  to  prevent  even  by  strongly  acidifying  the  solu- 
tion to  be  precipitated  with  phosphotungstic  acid,  with  either  sul- 
phuric or  hydrochloric  acid. 

Behavior  of  the  peptone, — This  peptone  was  also  difficult  to  con- 
vert into  a  dry  state,  although  we  did  succeed  ultimately  in  bringing 
it  to  a  constant  weight  as  a  fine,  exceedingly  hygroscopic  powder, 
by  heating  for  sometime  at  105®  C.  in  vacuo.  The  first  difficulty 
was  found  in  commencing  the  drying,  for  although  we  treated  the 
glue-like  mass  repeatedly  with  absolute  alcohol,  then  for  a  long  time 
with  ether  and  finally  boiled  it  again  with  alcohol,  thereby  changing 
it  into  an  almost  dry,  crumbling  condition,  we  were  compelled  at  last 
to  stop  its  further  direct  drying,  since  at  100°  C.  the  preparation 
took  on  the  consistency  of  pitch  and  formed  a  bulky  foam  from  which 
alcohol  vapor  continually  escaped.  Therefore  the  alcohol  was  first 
driven  out  by  thorough  boiling  with  water  and  tl)e  latter  removed  as 
much  as  possible  at  1 00®  C.  This  was  also  a  tedious  performance  for, 
although  the  substance  no  longer  foamed  up  so  violently,  it  did  not 
become  dry  until  after  many  days  of  stirring  and  breaking  the  cover- 
ing which  continually  bubbled  up.  The  same  proceeding  was  re- 
peated, although  in  a  less  degree,  on  transferring  the  substance  to 
the  air  bath  at  106®  C,  and  only  the  single  portions  taken  for  analysis 
could  be  brought  to  a  constant  weight  without  puffing  up  further  at 
1 05**  C. 

While  drying,  the  unpleasant  odor  noticed  from  amphopeptone  A 
was  also  observed  here,  although  only  in  a  slight  degree. 


>t.» 
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T\\v  |u'|»t«ou'  xh\\<  olitaiiitMl  apjioars  (when  drio«l  at  in,>*'C.)a^» 
x\\\\  V\\z\\\  M'Uowisli  |k»\viKt.     li  can  be  prescrvcMl  in  this  form  r^oW 
whrii  lun^t  tiirlitly  stuppi-riMl.     In  the  air  it  soon  forms  large  balls, 
l»i'i*i»!nr««  viioky  liki'  ]»ili'h  ainl  molts  to  a  tongli  mass  wliicli  flow  not 
lu't'iHiu   \iNil»!y  iliimur.      What   is  truly  suq»risin^  is  the  hehaviomf 
llii*   |n|»i.tih'  liMvai.N   watiT.      -I   f*if  t»f  the  ptnnler  icef  trtth  a  i^n>^^ 
ill'"  ft   .-r'  fr.it, .'   /i  ,'.<<,>'   ,i/iJ  sf"tths  /'Av   ph'tSphorit*   n}th}fdf'nh  ffhrn 
,,,..;^•^  /,,./,.//, I /  ^-'f,  /,  //, /s,  nr  th*  pnir  hrvif  hut  not  ohsohitci*/  ffrt/ pre^ith 
i-'ff'  -n  irf,i''t  /♦■•  f't.if/t.'  //»Vwf  y.  iV  Jt\tsnfrt*f  hi  iC'fter^  a  ifcrefopntoit of 
/,  ,it  :<  t.'  K  I,  .tl  ,J,     \\\'  h:i\o  olxervod  the  same  remarkable  pft-u- 
liaiitN  ill  anti  |M)«!i»ih'  ii»  l»i«  iii'soribetl  later. 

Aiiilx'^i^  A  \\w  pi'i  |«aiatii"»n  ( Atnphopeptone  H)  dried  at  10-3' C. 
ii  r./.'r...  i^axv^  tlir  ii-^iili^  tabulated  iu  the  aecompaiiying  table. 

\\\\\  \\\\'^y'  ir>u1t^  wiTi-  obtained,  an  attempt  was  made  to  reduce 
llii  a^li  i',MiiiiM  ii:  ihr  pn  |»arati«»n  by  repeated  precipitation  vith 
aK.'l.i*!.  wliiil:  >ui-.iiibd  >v»  Will  that  the  substance  when  dried  *« 
."  '  ■  ,.\iT  vji!i.l  :,?ir  arid.  !:H»r  at  liu>^  C.  until  of  constant  weight, 
i-.'!ii  i:in.l    'ilnii    J  r«  I'll  K'y-wx.  i»t*  a««h  instead  of  3'2.!>  per  cent. 

I.   »■  »   -tarn  »'t  \\\\>   pri|«arali«ui  gave  <>*:1400  gram  H.O  =  6'8C 

I'.  I  it'i:.    II  aul  i»  ^'^t'tO  irian)  CO.  =  47*4:^  per  cent.  C 
II    H  .  ' ." :    .:!MMi   ,'i   Nul.^Miu-,-   i:;i\o  i»>-4  0.  c.  X  at    10'4*  C.  and 

Ill    '    .*  '  '  .  i.i:M  -;ir.-: .i- I .   j.ixr  ••  «'ii".«»  gram  ash  = '2*15  per  cent,  of 

.1-.!.. 

ri.»-u  I. Ml   i":  v-K-  .1-'   'III'  >'ib^!  iiuo  (.\inphopeptone  b)  there  are — 
i^i;     i.  :."J     H.  IC-Su'T  X. 

11.       .  I  •    t'  t'K  I   f'-fif. 

\  will:  :nnil-  Ml  I  KMu.wr  l.axe  rt>rnu'l  in  various  digestion  esper- 
mn  Ml-,  ^t  \  I  I  m"  I".  I' i' .it-.*:."*  I't"  aiitijH  ptoiie  by  the  action  of  trypsin. 
I'lir  M  |it)M:.j;i  .1^  '.i\r  bi  t  .1  --Miliv.l  both  after  purifieati«m  with 
.il.iili.O  .111.1  a'wi  Mut'  iT  pi;ritiia;i-M'  with  ]dh»sphotungstic  acid,  but 
in  r\»i\  I  .i^r  aiiii  i\'VM'!i:i'  ii  !ii.»\  a!  i»f  the  albuninse  bodies.  We 
ha\i'  rj.'i  Mfi«in|'?t,i  i.»  iiu  it  ti^'  .»biri'ti»Mi  that  the  antipeptone 
i^  no!  l.Tin.-.l  .  Ai'lu'^ix  i!y  t?"  Mil  tV.  .li  jfi  •i:t'tl  fibrin,  but  in  part  from 
llu'  allMiriini--  .•!  il'i  |'.r:i  if.i**.  I'lii-  w.-uM  havi-  necessitated  experi- 
nit'nis  wiih  puit"  tiNp^m,  ubirli  sr<-:ni'.l  loo  rosjly  lo  undertake.  In- 
Hlead  i»l"  tins   wi'   ha\e   >:u.lii'd  a  pepl'Mu-  which  we  shall  distinguish 
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as  tjltfml f>» f'ttin\  lu-iiijr  'K'rivnl  cxdiisivoly  from  the  selMiajeslionrf 
X\\v  :tn»Mininuii'i  hoiliis  of  \\w  t;Iaii»l  substance,  witboiit  anv  additioi 
«»t'  til'iiii  i»r  i^tlnr  albinniti. 

llnw  vujM  rii»r  ilu'  aoti«Mi  »»f  iryi»siii  is  to  tliat  of  pepsin,  is  seennrt 
ali»m'  ill  till*  lotal  tli\-iiriip«»sitioii  of  hemipeptone  which  is  accom* 
l»li>Iu-.l  oiilv  l»v  tlio  tornivr.  hut  alsj)  in  tlie  incomparublv  more  rapid 

I  •  •  1  Br 

:inil   luvrri't    rliaiiirt'   of   :ill»uni«»st'  to   peptone.     Hence   the   partii* 
larly  t roiiMi«.oiiu'  ami  u«lious  inatnienl  of  antipeptone  with  ammo- 
niuiM   >ul|iliair  may   wiU   >oo!n   superfluons   when  tliere  is  no  albu- 
ninM'    prv-'tnt.      Wi-    must    howrvrr   he    perfectly    sure,    by  a  pre- 
liminarv  ti>t  withtlia!   >alt.  tliat    aihunu^se  is  absent   and   itsusei? 
uua>i'"ulaMr    win  re   i?n]»uri'  trypsin   is  employed  in  hi rtre  «|uantitic«; 
thai  i»».  wluTi'  ail  inUjsi«»n  of  ilie  pancreatic  trland  or  the  so-called  arti- 
lirial  paih'natie  jiiife  i>  use«l.      From   the  latter,  ammonium  sulphate 
pncipilatis  a  mixiun-  w  liii'li  eontaiiis  besides  unaltered,  highly  active 
ti\|»>iu,  \\lu»si'   iNoIaii.Mi   we  propose  later  to  study  in  this  way,  vari- 
(HIS  ntlier  lii'diis,  sju'li   a*;  albumoM*.  whose  removal  is  necessary  in 
tin'  prrparalioii  k^{  pure  pi-ptoiir. 


/'.'f/'ifr.tfn-..-  .'f'  f/t,   f,i/,..-,\  iff;,'  l./if't. — 100  grams  of  dried  ox  pan- 
*'ir:i>,   puril'h-.l    w  it  h  aK-fin'l    ;nhl   i-tlu-r.  were  warmed   at  40 "^  C  with 
I'Ot.i-.    oi    I'l    per   r.  1,1.    s.tlirvlii-   :n-i<l   for   1*2   hours,  and   filtered 
iIii.'U'li  iiiii-liii.     TIk-   ri-i.liir  \\:is  tliiii  mixed  with  ooo  e.  e.  of  0'-5 
|.i  r  II  I.I.  s,,.limii  riMiMMia'M  .  :i    lit  iK- t  liymol  a«lded   and    the  mixture 
M'-.Tiii  \\:jim..l  :.'    lo    ( ".  \\*v  \'2  litMir<.     Tlu*  aeid  solution,  after  it  luid 
Inrii  lu  Ml  ?;iii.'r.l.  was  l»r-iii:iii    In  till-  .sMim*  deirree  oi  alkalinity  with 
sii.liiiiii  ,  .11  li.iiriii  ,  a   liiili-  tii\  m.'l  addril   and   also  warme«l  at  40*^  C. 
\\>\  Till  -;iiin   1.  II  -ill  i.Tiiiiw.     Aittr  lilti-rimr  and  pressing  the  residue 
m1"  ri~-ii.-,  Imili  ti!ii:,;«'«^  wric  imiti'l.     Tlir  weiirlit  of  the  undissolved 
i*-i«liii-,  tlrii-.l   Ml    I  oo    (  .,  :Miii'iii:ii  (j  as  Usual   to  1  "2  <;ram»«.     Thus  the 
iiiu-iri  ••!"  I  fh'  «'«11-,  I  III   ri»ll:e.^.ii  ;m<l  tln'  portion  oi  elastin  undigested 
uinlir  I  ln'.sr  riiji.Tn  l.>ii-,  1-  C'lual  i«»  1-   pel"  <-ent.  of  the  dry  pancreas, 

fiTrd    from    l;il. 

/h'-/,  sff'tt/i  .;/■//<'  //Vi, •/■/,.  ::(in  -ranis  olMry  librin,  purified  by  wash- 
ing ami  btiilin-x  wiili  watt-i*,  linn  with  al<M)hol  ami  finally  bv  extrac- 
tion  >\ilh  1-1  hi  r  wcrr  sniiiiu-il  with  lii»ilinu-  water  (when  the  weight 
an»ouiit<'il  to  t»7o  -grains  at"t»  r  >rjmezini:  with  the  hands),  then 
waruHMl  at  In C.  \>iih  ;>  liirrs  ,if  o-j.->  jur  cent,  sodium  carbonate 
containing  o-ri   pir  e<'ut.  of  thymol.     To  thi^  was  added  the  whole 
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infusion  obtained  from  the  88  grams  of  self- digested  pancreas,  after 
which  the  mixture  was  continued  at  40°  C.  for  six  days.  At  the  end 
of  the  first  day  nearly. all  of  the  fibrin  had  disappeared,  although  a 
considerable  portion  appeared  to  float  on  the  surface  of  the  fluid* 
When  examined  more  closely,  however,  this  residue  proved  to  be 
extremely  light,  hollow,  easily  crnshed  and  with  a  somewhat  greasy 
feeling.  A  similar  residue,  the  amount  of  which  we  did  not  deter- 
mine, remained  at  the  end  of  six  days  and  consisted  mainly  of 
antialbumid  with  mnch  tyrosin. 

Preparation  of  the  autipeptofie. — The  solution  resulting  from  the 
above   digestion  was   made  slightly  acid    with    acetic   acid,  boiled, 
passed  through  a  filtering  bag,  concentrated  to  1  litre,  and   freed 
from  a  large  amount  of  leucin  and  tyrosin  by  crystallization  and  fil- 
tration.    The  resultant,    brownish-looking   syrup  was    treated  with 
alcohol  until  peptones  began  to  precipitate,  and  after  the  latter  had 
been   redissolved  by  boiling   the  solution,  it  was   placet]  aside  for 
crystallization.      The   filtrate,   which    now   contained  only  a  small 
amount  of  amido  acids,  was  freed  from  alcohol  by  boiling,  diluted 
with  a  saturated   solution  of  ammonium  sulphate,  which   had   also 
served  for  washing  out  the  mass  of  crystals  on  the  filters,  and  then 
completely  saturated  with  the  ammonium  salt  in  substance.     After 
separating  the  slight  precipitate  so  formed,  in  which  some  leucin  and 
tyrosin  was  detected,  the  greater  portion  of  the  ammonium  salt  was 
removed  from  the  filtrate  by  repeated  concentration  and  crystalliza- 
tion, while  the  remainder  was  gotten  rid  of,  as  before,  with  barium 
hydroxide  and  barium  carbonate.     Since  in  this  case,  precipitation 
with  phosphotungstic  acid  could  not  yet  be  employed,  we  attempted 
to  purify  the  peptone  as  much  as  possible   from  other   products  of 
digestion  (amido  acids),  first,  as  a  barium  compound  by  repeated 
precipitation  and  boiling  with  alcohol,  after  which  the  barium-pep- 
tone was  exactly  decomposed  with  sulphuric  acid   and  the  free  pep- 
tone purified  in  a  similar  manner  by  repeated  precipitation  and  extrac- 
tion with  alcohol,  once  or  twice  in  the  presence  of  a  little  acetic  acid. 
The  peptone  thus  obtained,  when  dried  at  105°  C,  weighed  1 20  grams. 
Assuming  that  albuminous  bodies  by  complete  typsin  digestion,  split 
up  into  50  per  cent,  of  products  arising  from  the  wholly  decompos- 
able  hemipeptone   and   50   per   cent,    of    antipeptone    not    further 
changed  by  typsin,  then  the  amount  obtained — 120  grams — agrees 
with  this  so  far  as  it  is  possible,  with  the  unavoidable  losses  which 
the  treatment  of  large  quantities  in  this  manner  implies.     The  388 
grams  of   dry  albumin  (300  grams  of  fibrin  and  88  grams  of   self- 
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dig('ste<1  material  from  the  pancreas)  would  have  had  to  yield  194 
grains  of  aiitijieptoiie  if  thore  were  no  loss.  The  loss,  however,  d 
74  i^rarn^  noliceil  in  our  exjuTinicnt  is  suffii-itMitly  expiaininl  by  the 
notiivahlt'  solu)»ility  of  peptone  in  the  water  contained  in  alcohol, 
and  by  the  conversion  of  a  portion  of  the  peptone  into  antialhamid. 

Jit/mriur  of  fh*:  nniliH'itU.»uf\ — This  peptone  was  still  more  diflicnlt 
to  dry  than  tin'  aniphopi'ptone  formed  by  pepsin  digestion,  and  it 
conld  onlv  he  acconn»lished  after  the  removal  of  all  alcohol  bv 
thorouLrh  iMMJin^  with  water.  As  the  sfdution  became  very  coni'eti- 
trated  <>n  the  water-hath,  liydrotjen  sidphide,  as  shown  by  reaction 
witlj  lead  acetate,  was  given  otFtoifether  with  a  strong  odor  of  valeri- 
anic acid,  winch  was  also  evt)lved  quite  noticeably  at  105°  C.  lo 
order  tt>  obtain  a  constant  weight  it  was  necessary  to  dry  the  mass 
at  110    C\ 

The  analysis  of  the  product  is  shown  in  the  accoinpaiiyiug  table. 

Anti}tf'ptoH(  (D). 

TIh'  behavior  iif  the  j»roceding  preparation  while  being  dried,  nat- 
urally suirire>te<l  the  suspicion  that  the  substance  was  either  decom- 
posable at  ino"^  C.  or  less  in  the  air,  or  else  that  it  contained  some 
(lee<inip(^<able  adriiixturi*.  We  therefore  attempted  a  further  purifi- 
cation of  antipeptonc  ami  at  the  same  time  a  more  cautious  methotl 
of  ilrviiiLT. 

For  tlii>  piirp(>sc  a!H)ther  pre]>aratioii  of  antipeptone  was  made  in 
tlie  ti)]b»\vini;  manner. 

•Joo  iri:nn>  of  coinini'reial  drv  iiancreas,  somewhat  less  active  than 
lliat  cMiployt'd  in  tln'  prcciMling  ]>reparation,  were  warmed  at  40°  C 
for  three  hoiir^  with  rj(K)  c.  c,  o{  O'l  percent,  salicylic  acid,  after 
wliich  the  inixtiu'e  was  neutralized  with  sodium  carbonate  and  to  it 
was  a<l(b*(l  ilirrfily  1  l»*Jo  Lrranis  of  br>iliMl,  moist  fibrin,  82  grams  of 
drv  sodium  carboiiatr  and  '.VI  ^ram<  of  thvmol.  This  mixture  was 
warnu'cl  at  fo^"  (\  for  seven  davs,  at  the  end  of  which  time  the  residue 
of  the  j)anereas,  the  antialbinnid  jirotlijced,  and  considerable  sepa- 
rated tvrosin,  formed  a  noti(*eab]o  sediment,  which  was  filtered  off 
and  pressed,  after  the  resi<lne  ha<l  been  thorouirhlv  waslied  Avith 
water  warmed  at  40^  C.  The  filtrate  was  made  slijrhtlv  acid,  heated 
to  lioiling,  and  as  this  prodn<-e<l  only  a  sliixht  ]»re<"ipitate  it  was  imme- 
diately concentrated  to  about  three  litres.  On  cooling,  an  abandant 
slate-c«)lored  [»reeipitate  separated,  composed  almost  entirely  of  tyro- 
sin.  After  removing  this  by  filtration,  the  solution  was  saturated 
with   ammonium  sidphate  and  the  resultant  filtrate  treated  as  in  the 
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previous  case;  that  is,  a  l»arium  peptonprompouinl  was  formed,  pnri- 
AimI  witli  nlfolu)!  ninl  this  exactly  di*composo<l  witli  sulphiiric  aci«l. 

In  onliT  to  Sfparato  tlu*  livo  pi'ptoiu',  llie  solution  \v:is  (.•f»nc<",ntnled 
at  a  iji'Htlc  lirat  with  thr  addition  of  a  little  nrnrnoiiin,  pn-ripit-tM 
and  hnihMl  witli  ahohol,  the  almost  liquid  prcc-ipitati*  ilis^oivctl  ir. 
watfT,  tlu*  solution  aciditicd  withacrlic  arid,  fODcontm ted  ai^ain,  pri* 
cipilatt'(l  and  i-xlrartiMl  hot  with  alcohol,  repeated  I  v  washn!  and 
knea«h'd  with  itliiT.  k<'pt  for  a  louii^  tinie  under  ether  ami  then  slowly 
dissolved  in  as  small  an  amount  of  cold  water  as  possilde.  When 
liltcred,  a  small  residue  ol"  tyrosin  M]»peared  in  tlie  pr(*|»arn(ion.  Thi- 
new  soluticm  was  (*oncentr;iled  at  a  i^eiitle  heat,  j»ri'c-ipiialed  au^in 
with  alcolml,  tin*  pip'one  hoilec!  an^l  washed  with  ale<di<il.  allowtHJ 
to  stand  for  sometime  with  a  lari^e  quantity  of  ahsniiite  aleolwl. 
airain  treated  with  ether  as  holore,  an<l  as  it  had  now  lu-conie  friahle, 
it  was  ininu'ilintely  dried  in  vacuo  over  sulphuric  aciil.  On  atteinpt- 
iuLT  todiy  it  at  Ico  C.  the  melt in<i:  nniss  foamed  so  nm(di  thatil  had  to 
he  diied  in  the  air.  When  this  ha<l  heeii  done  with  tri*()ucnt  .stirriiij 
oil  the  >\ater  hath  for  several  davs,  the  mass  was  iniallv  dried  com- 
pl(tely/y/  /''/r?//;,  first  at  luo'M'.,  then  at  lt)5°  C\  A  few  weeks  of 
this  drvinir  were  nee«led  to  hriny;  the  suhstance  to  a  constant  weiirlit, 
and  in  order  t<»  pic  pare  the  various  (piantities  for  analysis  thev  lia<l 
to  remain  ///  r'tmn  over  sidphuric  a<'id  and  at  105*  C.  for  some  time. 
Piohal'ly  in  cinis(<pn'ne(»  of  the  thorouirh  treatment  with  ether,  the 
pieparation  when  warmed  i^ave  much   less  odor  than  the  former  one. 

<^ninfh»!ii(Jnn   nf   An(ip*ptonf  (D). 

I.   M-nor,!  i^Manj  >Mh>lance  jr.ivo  o'JST")  Ljram  IT^O  =  6*;n  percent. 
II  and  O'Tl'oT  LT'-am  ('<).,  —  4*2-70  per  cent.  C. 
II.  n-i  Hi)  i^nnn  sulislancc  j^ave  0'J5-J7  ^ram  H^O  =  0'31  percent. 

II  and  H'TolM  <rram  ('<)„—  f:i*n5  percent.  C 
111.   o-.'.Din  jirani  sul. stance  irave  n-'jSTo  «rram  H^O  =  6*30  per  cent. 

II  and  (»-7ss:»  i^ram  CO..  —  42*01  per  cent.  C. 
!\'.   0-441  t    irram    suhstance    i:ave    ">0'0   c.  c.   N    at    2I*0*   C.    and 

7r)l)L'  mm.  j.ri's<nre  =  14-01  percent.  N. 
V.   o-5^7n    urani    suhstanc**    <rave    7<)r)  c.  c.    N    at    21  "6°   C.    and 

75S(>  mm.  pressure  ~  lo-IJJ  percent.  X. 
VI.   ()•(•)'.):'•()  liram  suhstance  gave  o-()(i04  L^ram  ash  =  lO'dl  per  cent. 
VII.   c-.r><>17  "lam  suhstance  irave  OMTiOt  i^ram  ash=  1()*04  i>er  cent. 
Vin.  Tin*  ash  from  O5ol7  irram  suhstance  gave  0-f):?25  gram  BaSO, 
=  ()-S0  per  cent.  S  calculated  on  the  original  substance. 
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On  account  of  the  large  percentage  of  ash  and  the  large  amount 
of  sulphates,  the  sulphur  of  the  organic  matter  was  not  determined. 

Percentage  composition  of  the  ash-free  substance. 

Average. 

C 47*62  47-83  4769  4768 

H 7-01  701  707  703 

X 16-67  16-80  16-68 

Antipeptone  (E). 

In  order  to  obtain  a  still  purer  preparation  and  especially  to  free  it 
from  the  large  percentage  of  ash,  a  portion  of  antipeptone  (D)  was 
dissolved  in  boiling  water  after  the  first  treatment  with  ether,  then 
when  cold  the  solution  was  acidified  with  sulphuric  acid  to  such  an 
extent  that  it  contained  6  per  cent,  of  acid  and  precipitated  with  a 
large  excess  of  phosphotungstic  acid.  The  precipitate,  after  the 
manner  already  described  under  amphopeptonc  (B),  was  washed  thor- 
oughly with  dilute  sulphuric  acid  and  then  with  water,  finally  de- 
composed with  baryta,  the  barium-peptone  precipitated  with  alcohol, 
washed,  the  alcohol  driven  off  by  heat,  the  aqueous  solution  of  the 
compound  exactly  decomposed  with  sulphuric  acid,  the  solution  con- 
centrated after  the  addition  of  a  few  drops  of  ammonia,  precipitated 
with  alcohol,  dissolved  again  in  water,  concentrated  with  the  addi- 
tion of  a  little  acetic  acid,  again  precipitated  with  alcohol,  and  the 
product  so  obtained  treated  thoroughly  with  alcohol  and  ether  in  the 
same  manner  as  preparation  D,  and  finally  dried  in  the  same  manner 
as  that.  The  substance  so  prepared,  was  lighter  colored  than  the 
preceding,  not  quite  so  hygroscopic,  and  in  drying  gave  scarcely  any 
odor. 

The  analysis  of  the  product  is  shown  in  the  accompanying  table. 

Antipeptone  {F),     (Gland peptone,) 

This  peptone  was  obtained  as  a  bye  product  in  a  preparation  of 
trypsin  from  1,000  grams  of  dry  pancreas  and  was  formed  wholly 
from  the  albuminous  bodies  of  the  gland  substance,  after  extraction 
with  alcohol  and  ether.  It  is  not  probable  that  the  peptone  con- 
tained, in  any  considerable  quantity,  any  products  from  ihi*  digestion 
of  elaslin,  since  the  elastic  tissue  could  have  been  but  littk*  altered 
under  the  conditions  in  which  the  self  dii^est ion  of  the  irhmd  toi)k 
place  during  the  pre])aration  of  the  infusion,  and  furthermore  there 
would  have  b-en  needed  lor  solution  in  the  latter,  a  finer  subdivision 


30 


Kilhne  and  ChittenJeii — Peptofies. 


8  a 

O 


O  *-   _■   c 

"g  E  "  S 


C  "^  **  , 

s:    -   *"  ^^ 

o 

13 


S 

o 


IS 


5c  ci  S  «o  «^  ^  $ 
«  ^  ^  ««  ;o  ^.> 

^  I 


c/:  ^\ 


'7-  S  « 

«5    ^    *- 


•/.  \.'C 


O 


:S 


o     o 
o     o 


• 

CO        00 


T.  —  !- 

■ 

--  -  u 

w  ' 

\3  U 

■ — ' 

U  ' 

X.  XV 

H 

(!< 

a  .- 

*  ~ 

C^ 

1 
v.  "•  — 

H 

C  1-  = 

t,  —  — . 

V'. 

r.  .  ■».  — 

00  CO 

■»-«  oo 

o  o 

• 


X. 


I" 


X 

OS 


00 

1- 


it 


■X 


I- 


C*         T/ 


^      o 


Ct 


C5 


'  8 


^ 


C^         I  - 


} 

s 

.S 

•mt 

o 


c      • 

I 
I 


?5 


•   CD 


•  x> 


I   CO 
•   00 


00 
00 


J$j    O*    l- 

ff^  "^  «p 


9 


bt 


?   ^ 


rH 

^" 

l> 

•«-l 

1 

« 

,_ 

l^ 

«>  1 

I 

1 

»- 

CO 

, 

I 

1 

1 

• 

• 

, 

^ 

®   : 

1 
• 

• 
1 

—  ''-•^ 

T*^ 

V* 

' 

1 
1 

1 

' 

1 

1 

1 

1 

f 

1 

c» 

CO 
OS 

1 

1 

1 

• 

o 

W  jz; 

OQ 

• 

O 

x- 

1 

1 

1 

1 
1 

• 

1 

1 

1 

1 

1 
I 

^ 

CO 

• 

1 

1 

1 

1 

• 

1 

i 

■^  u. 

^ 

o 

1 

1 

1 

1 

'    i 

1 

c 

^ 

c> 

, 

^ 

a 

CD 

o» 

.-^ 

00 

1 
00    1 

i  -  -rr  £ 

o 

05 

«^ 

^ 

i- 

c: 

22 

Oi 

CO 

o» 

_,      ».rf      S«/      ^M 

J-: 

■X 

05 

Ci 

CO 

1- 

CO 

T-< 

:? 

1-^ 

-r  c:  '•  - 

CO 

^ 

"W 

^- 

» 

1^ 

CD 

OS 

<» 

-'-  rr  -  t/. 

• 

• 

• 

• 

^ 

• 

• 

• 

J* 

"■"' 

"^ 

""■ 

'-■ 

"••^ 

"^^ 

^^ 

'-■ 

w 

T^ 

c 

1-^ 

w-l 

1-^ 

> 

> 

^ 

X 

X 

y. 

^^ 

"• 

P^ 

^ 

r' 

1—4 

h- ( 

Kilhne  and  Chittenden — Peptones,  31 

and  long  continued  action.  However  this  may  be,  the  albumins  of 
the  pancreas  naturally  cannot  be  classified  with  the  substances  ordi- 
narily used  in  digestion  experiments,  such  for  example  as  fibrin, 
without  further  investigation,  for  although  there  may  be  substances 
in  the  gland  cells  like  scrum-albumin,  globulin  and  myosin,  there  are 
also  many  bodies  quite  different  from  these,  as,  for  example,  the  leu- 
coid  precipitated  by  excess  of  acetic -acid,  zymogen  and  trypsinogen, 
all  of  which  are  decomposed  by  self-digestion  and  yield  amido  acids 
and  peptones.  So  long  as  trypsin  digestions  arc  not  ordinarily  con- 
ducted wMth  pure  trypsin,  it  is  of  es))ecial  interest  to  find  out  the 
composition  of  the  gland  peptones,  ^vhich,  as  a  rule,  have  invariably 
been  mixed  in  greater  or  less  quantity  with  the  antipeptones  hitherto 
investigated. 

Preparation. — 1,000  grams  of  dry  pancreas  were  warmed  at  40*  C. 
for  twelve  hours  with  five  litres  of  0*1  per  cent,  salicylic  acid  and 
0'25  per  cent,  of  thymol,  filtered  through  muslin,  the  residue 
warmed  another  twelve  hours^  with  two  litres  of  0*26  per  cent, 
sodium  carbonate  and  0*5  per  cent,  of  thymol,  again  filtered  and 
pressed,  the  two  fluids  united,  brought  up  to  an  alkalinity  of  0*25 
per  cent,  of  sodium  carbonate  and  then  warmed  at  40°  C.  for  three 
days. 

After  filtering  through  paper,  the  whole  solution  was  slightly  acidi- 
fied with  acetic  acid  and  then  saturated  with  five  kilos,  of  ammo- 
nium sulphate,  by  which  means  there  was  precipitated  a  little  albu- 
mose  and  all  of  the  trypsin,  the  further  treatment  of  which  is  of  no 
interest  here,  while  the  gland  peptone  remained  in  solution.  It  is 
to  be  noticed  in  the  separation  of  this  peptone  that  it  was  treated 
exactly  like  preparation  (C),  excepting  that  the  second  purification 
with  ether  could  be  omitted.  The  preparation,  after  drying  for  some 
time,  left  a  small  residue  of  tyrosin  when  dissolved  in  cold  water.  It 
was  therefore  precipitated  from  this  solution  with  alcohol,  then  freed 
from  alcohol  by  boiling  with  water,  dried  directly  over  a  water-bath 
and  finally  in  vacuo  at  106°  C.  until  a  constant  weight  was  obtained. 

The  analysis  of  the  product  is  seen  in  the  following  table. 


Antipeptone  (G).     (Gland  peptone.) 

This  preparation  was  obtained  from  the  preceding  product  by  the 
following  process;  the  solution  of  the  peptone  was  acidified  with  C 
per  cent,  of  sulphuric  acid,  precipitated  with  a  large  excess  of  phos- 
photungstic  acid,  the  precipitate  carefully  washed,  then  decomposed 
with  barium  hydroxide,  the  latter  exactly  removed  with  dilute  sul- 
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pburic  ac'ul,  the  solution  eonccntraterl,  the  peptone  precipitated  and 
washed  with  alcohol  and  finally  hoiled  with  alcoliol.  The  partially 
dry  ]>ro«luct  was  then  dissolved  in  cold  water,  leaving  a  small  amor- 
phous n»sidne  wliieh  gave  no  reaction  for  tyrosin.  The  solution 
was  then  concentrated  on  the  waler-bath  and  again  precipitated 
with  alcohol,  after  which  it  was  dried  finally,  over  sulphuric  acid  in 
vacuo  and  at  100°  C.  in  vacuo,  until  ot  constant  weight. 
The  following  table  shows  the  results  of  the  analysis. 

Antipeptone  (H).     (Gland  peptone.) 

This  product  was  prepared  and  purified  in  exaetly  the  same  manner 
as  the  former  one  (G),  hut  was  made  from  another  trypsin  prepara- 
tion, in  which  a  smaller  amount  of  dry  pancreas  was  used.  When 
dissolved  for  the  last  time  in  cold  water,  some  little  insoluble  matter 
remained  (from  which  it  was  freed)  which,  however  gave  no  reaction 
for  tyrosin. 

The    following  table  shows  the  results  of  the  analysis. 

Gexkral  puoperties  of  the  Peptones. 

We  should  have  liked  to  study  more  accurately  the  physical  be- 
havior of  tlie  different  samples  of  peptones,  especially  their  optical 
properties  as  determined  by  specific  rotary  power.  It  was  easy  to 
show  that  they  were  all  lacA'o-rotary,  but  we  have  not  yet  succeeded 
in  making  any  quantitative  determinations  of  sufficient  accuracy  to 
be  of  value.  The  decidedly  brown  color  of  the  solutions  prevented 
the  use  of  a  sufficiently  long  tube,  or  a  solution  of  the  proper  concen- 
tration, necessary  to  determine  specific  rotation. 

It  would  be  of  still  greater  importance  to  investigate  the  rate  of 
diffusion  of  peptones,  it  being  more  necessary  from  the  fact,  that  pre- 
vious observations  on  the  diffusion  of  the  products  of  digestion  can 
have  but  little  reference  to  pure  peptones,  but  rather  to  the  albumose 
bodies  so  long  overlooked.  We  have,  however,  not  as  yet  begun  these 
investigations  owing  to  lack  of  material.  All  of  the  pej)tones  obtained 
by  us  in  the  dry  state,  showed  considerable  rise  of  temperature  when 
moistened  with,  or  dissolved  in  water. 

It  is  worthy  of  notice,  physiologically,  that  according  to  observations 
made  in  the  physiological  Institute  at  Heidelberg,  by  Dr.  Pollitzer 
of  New  York,  no  one  of  the  peptones  would  hasten  or  retard  coagu- 
lation of  the  blood,  either  when  injected  into  the  veins  or  added  to  the 
shed  blood,  such  action  being  due  wholly  to  certain  of  the  albumose 
bodies. 
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A  few  observations  on  the  taste  of  peptones  are  of  interest.  While 
the  genuine  albumins  and  the  albumose  bodies  excite  practically  no 
sense  of  taste,  the  less  so  the  purer  they  are,  it  appears  as  if  peptones 
belong  to  the  most  offensively  tasting  bodies.  In  order  to  see  what 
an  important  change  the  taste  of  an  albuminous  body  undergoes  on 
digestion,  and  at  the  same  time  what  the  taste  of  peptones  is,  warm 
50  c.  c.  of  fresh  milk  to  40"  C.  and  then  add  to  it  a  small  fragment  of 
soluble  trypsin  (prepared  from  ox  pancreas),  which  excites  no  taste  of 
itself.  The  milk  at  first  coagulates,  then  regains  its  former  appearance 
by  solution  of  the  coagulum,  but  tastes  no  better  than  gall.  Never- 
theless we  believe  that  the  especially  objectionable  taste  proceeds  not 
from  peptones,  but  from  certain  compounds  heretofore  only  acci- 
dentally separated  from  them.  For,  among  our  preparations,  which 
as  a  whole  tasted  something  like  roast  meat,  as  if  burnt,  but  above  all 
nausealingly  bitter  and  astringent  even  in  a  2  per  cent,  solution,  we 
found  one  that  in  a  10  per  cent,  solution  was  free  from  this  dis- 
agreeable peculiarity  and  had  a  pleasant,  sweet  taste  like  meat. 
It  is  to  be  noticed  that  this  was  the  preparation  of  antipeptone  (F) 
which  had  not  been  purified  by  phosphotungstic  acid.  Only  by 
taking  a  large  swallow  was  there  noticed  a  not  unpleasant  taste, 
peculiar  to  certain  cheeses  after  becoming  alkaline. 

The  most  important  property  for  the  separation  and  treatment  of 
peptones  is  for  the  present,  the  lack  of  precipitation  by  a  great 
number  of  reagents,  which  precipitate  more  or  less  perfectly  albumins 
and  albumose  bodies,  especially  sodium  chloride,  either  alone^  or  with 
the'addilion  of  acid.  We  have  repeatedly  confirmed  the  obf^fervations 
made  by  Wenz  that  even  sodium  chloride  and  acetic  acid,  sodium 
chloride  and  nitric  acid  or  metaphos))horic  acid  do  not  completely 
precipitate  the  albumose  bodies.  In  whatever  proportion  these  addi- 
tions may  be  made,  there  always  remains  at  the  end  a  solution  which 
gives  with  alcohol  a  precipitate  of  snlt,  in  which  albumose  is  still  to 
be  found,  or  from  which  albumose  may  be  separated  by  dialysing  and 
concintiating,  according  to  the  method  already  used.  The  only  per- 
fect jn-ei-ipitant  of  these  substances  is  ammonium  sulphate.  It  is  how- 
ever an  error  to  attribute  to  this  salt  the  same  action  on  peptones. 
Wherever  peptones  occur,  they  will  always  be  found  in  the  filtrate 
from  a  solution  saturated  with  ammonium  sulphate,  and  we  must 
conclude  from  some  opposed  statements  that  in  the  experiments  on 
which  they  are  based,  albumose  bodies  instead  of  peptones  were  pres- 
ent, since  we  are  certain  that  by  means  of  our  new  method,  it  can  be 
generally  shown  what  an  unexpected  difference  exists  between  the  ap- 
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parently  vigorous  action  of  a  poorly  prepared  gastric  juice,  or  com- 
mercial preparation  of  pepsin  and  the  action  of  solutions  actually  rich 
in  pepsin.  Even  where  the  fibrin  almost  instantly  disap))ears,  the 
amount  of  fei*ment  may  still  be  quite  insufficient  to  produce  noticeable 
traces  of  peptones.  Therefore  care  must  be  taken  not  to  conclude 
immediately  from  a  speedy  solution,  that  digestion  has  been  com- 
plete, since  this  is  to  be  determini'd  only  by  the  disappearance  of  the 
primary  cleavage  products  of  digestion,  that  is,  the  change  of  albumose 
into  peptones. 

It  was  especially  interesting  to  ascertain  whether  peptones  iso- 
lated according  to  the  methods  already  described,  were  likewise  pre- 
cipitated by  ammonium  sulphate  or  by  other  ri'agents  that  precipi- 
tate the  albumose  bodies,  a  question  which  was  interesting  considering 
the  oft-asserted  formation  of  albumin  or  albumose  from  peptones. 
To  our  surprise  we  noticed  in  the  beginning  that  both  antipep- 
tone  and  amphopeptone  after  complete  puritication,  under  certain 
circumstances  gave  rise  to  a  turbi<lity  or  even  a  resinous  precipitate, 
not  only  with  ammonium  sulphate,  but  also  when  their  solutions  were 
saturated  with  salt  or  when  treated  with  acetic  acid,  nitric  acid 
or  metaphosphoric  acid,  just  as  if  albumose  had  been  formed  or  the 
albumose  not  completely  removed  by  the  previous  treatment.  Even 
if  these  precipitates  concerned  only  a  small  part  of  the  material  in 
solution,  their  appearance  would  need  explanation.  So  far  as  we  can 
now  determine,  the  occasion  of  this  behavior  is  a  circumstance  con- 
cerning which  we  do  not  care  to  decide  whether  it  really  depends  on 
the  formation  of  albumose  from  peptone  or  not.  It  is  to  be  ob- 
served that  if  the  purification  of  the  peptone  by  sulphuric  acid  is 
conducted  incautiously,  either  on  decomposing  the  barium-peptone  or 
on  acidifying  before  precipitation  with  phosphotungstic  acid,  the 
appearance  afterward  of  albumose  is  avoided  provided  the  solutions, 
when  warm,  are  never  exposed  to  an  excess  of  acid.  That  a  resinous 
precipitate  appears,  while  boiling  the  solution  saturated  with  ammo- 
nium sulphate  at  110*  C.  has  already  been  mentioned,  but  this  can- 
not cause  any  impurity  of  the  peptone  remaining  in  solution,  any 
more  than  the  well  known  precipitation  of  antialbumid  during  trypsin 
digestion  can  occasion  an  impurity  of  the  antipeptone. 

Since  the  fact  is  proved  that  peptones  are  not  precipitated  by  am- 
monium sulphate,  these  bodies  are  then  characterized  more  than  ever 
by  the  property  long  attributed  to  them  of  being  rendered  turbid  by 
very  few  reagents  and  completely  precipitated  by  a  still  more  lim- 
ited namber.     A  list  of  the  latter  reagents  includes  only  tannin 
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and  mercuric  iodide  in  potassium  iodide,  while  imperfect  precipitants 
of  peptones  are  phosphotungstic  acid  or  phosphomolybdic  acid  and 
picric  acid. 
The  following  list  shows  the  farther  action  of  various  reagents. 

Reactions  of  Peptones  free  from  albumose  and  purified  by  phos- 
photungstic acid. 

In  5  per  cent,  solution,  after  being  made  noticeably  alkaline  with 
a  trace  of  sodium  carbonate. 


Fibrin  antlpeptone. 

Fibrin  amphopeptone. 

• 

Acetic  acid  and  potassium 
ferrocyanide. 

At  first  perfectly  clear,  later  trace 
of  opalescence. 

The  same. 

Neutral  lead  acetate. 

First  drop,  0 ;  more,  turbidity. 

Turbidity     immediately  ;     more, 
strong  turbidity. 

First  drop,  0  ;    more,  strong    tur- 
bidity. 

At  first  clear ;  more,  slight  turbid- 
ity disappearing  with  g^at  ex- 
cess. 

The  same,  but  much 
weaker. 

Basic  lead  acetate. 

The  same,  but  weaker. 

Mercuric  chloride. 

Turbidity  immediately, 
g^wing  stronger. 

5  per  cent,  cupric  sulphate. 

Nothing. 

6  per  cent,  platinum  chloride. 

Only  excess,  strong  turbidity.          Nothing. 

Chromic  acid. 

Nothing. 

A  trace  gives  turbidity  vanishing 
with  the  least  excess. 

Nothiug. 

Ferric  chloride. 

Nothing. 

Glacial  acetic  acid  and  cone, 
sulphuric  acid. 

Brownish  red. 

The  same. 

Nitric  acid. 

The  color  changing  yellow  in  the 
cold. 

The  same. 

Boiling  with  cone,    hydro- 
chloric acid. 

The  color  becomes  slightly  darker. 

The  same. 

Millon's  reaction. 

At  first  a  heavy  white  precipitate ; 
on    warming,    dirty    yellow    or 
reddish. 

The  same,  then  beauti- 
ful red  color. 

Without  desiring  to  claim  especial  value  in  general  for  these  reac- 
tions and  for  smaller  differences  between  the  two  peptones,  some  of 
them,  however,  may  be  more  closely  examined. 

The  slight  intensification  of  color  by  boiling  with  concentrated 
hydrochloric  acid  is  striking,  for  we  have  not  ordinarily  been  able  to 
obtain  it,  even  with  peptone  in  substance  or  even  on  the  addition  of 
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concentrated  sulphuric  acid.  Likewise,  the  reaction  with  sulphuric 
acid  and  glacial  acetic  must  be  described  as  almost  unsuccessful.  As 
this,  however,  is  nothing  other  than  Pettenkofer's  test  for  bile  acids, 
for  which  its  discoverer  has  recommended  concentrated  acetic  acid 
as  a  substitute  for  sugar,  we  have  also  tried  the  reaction  with  sugar, 
without  however  obtaining  any  better  result,  particularly  not  the 
beautiful  violet-red  which  albumin  and  the  albumose  bodies  give. 
Finally,  the  poor  result  of  Millon's  reaction  with  antipeptone,  in  con- 
trast to  the  brilliant  red  obtained  with  amphopeptone,  is  also  to  be 
remarked.     To  this  reaction  we  shall  return  later. 

It  has  already  been  observed  by  many  investigators  that  among 
the  products  of  the  digestion  of  albumin,  bodies  are  not  infrequently 
met  with,  which  give  little  or  no  lead  sulphide  on  boiling  with  sodium 
hydroxide  and  lead  acetate.  This  is  not  at  all  strange,  since  the  pep- 
tones prepared  by  us  show  on  analysis  less  than  one  per  cent,  of  sul- 
phur, in  striking  contrast  to  the  albumins  and  albumose  bodies,  all  of 
which  contain  much  larger  percentages.  In  the  gland  peptones 
(F,  G,  H,)  the  sulphur  amounted  to  only  0*50,  0*31  and  0*57  per  cent, 
respectively.  The  peculiarity  of  peptones  in  giving  up  a  part  of 
their  sulphur  when  warmed  with  alkali,  apparently  stands  in  no  direct 
connection  with  the  percentage  amount  of  sulphur.  Indeed,  solutions 
of  the  antipeptones  G  and  H,  of  which  the  first  possessed  the  lowest 
percentage  of  sulphur  found,  showed  no  browning  with  this  test, 
and  only  a  trace  of  it  when  solid  particles  of  the  peptone  were  heated 
with  a  concentrated  solution  of  alkali  containing  lead.  But  the  gland 
peptone  (F)  not  puriBed  by  phosphotungstic  acid  and  with  only  0*15 
per  cent,  of  sulphur  became  slightly  darkened  in  solution.  On  the 
other  hand,  the  purest  amphopeptone  (B)  with  0*77  per  cent,  of  sul- 
phur gave  the  reaction  very  faintly,  while  antipeptone  C  with  0*73 
per  cent,  of  sulphur  gave  it  very  plainly.  Probably  the  reaction  is 
not  to  be  attributed  to  the  peptones  themselves,  but  proceeds  from 
contamination  with  an  easily  decomposed  substance  containing  sul- 
phur, whose  removal  still  depends  on  chance. 

It  may  be  assumed  as  completely  proved  that  the  rose  or  violet 
coloration,  which  the  products  of  pancreatic  digestion  assume  with 
bromine  or  chlorine  water,  is  due  to  some  special  body  and  not  to 
antipeptone.  We  had  previously  shown  this  to  be  the  case  with  the 
antipeptone  obtained  by  the  action  of  trypsin  from  antialbumid, 
and  have  now  also  found  in  all  antipeptones  purified  with  phospho- 
tungstic acid,  the  absence  of  all  color  on  addition  of  bromine  water, 
either  in  large  or  small  quantity. 
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Final ly,  not  to  overlook  the  most  striking  reaction  of  peptones, 
we  mention  further  the  brilliant  BOrcalled  biuret  reaction  which  is  to 
be  seen,  if  possible,  still  more  intense  in  the  purer  peptones,  what- 
ever their  origin,  than  in  those  formerly  used. 

Composition  of  the  PeptoneB. 

For  the  sake  of  comparison  we  present  in  the  following  table  the 
percentage  composition  of  the  various  samples  of  peptones,  calculated 
on  the  ash-free  substance.  The  ash  found,  consisting  in  every  case 
of  calcium,  a  litlle  sodium,  potassium,  traces  of  barium  and  iron,  car- 
bonic acid,  phosphoric  acid  and  sulphuric  acid,  is  placed  at  the 
foot  of  the  Columns. 


Ampho-  (pepsin  t  peptone  from 

fibrin. 

1 

Antl-  (trypsin)  peptone. 

A. 

B.                b. 

C. 
Prci 

D. 

E. 

F. 

< 

G.              H. 

Contain- 

lOKmuciD' 

peptone. 

Krom  purified  pepsin 

and  pnrifled  with 

pliosphotunf^tlc 

add. 

)8red  from  fibrin. 

jilandpeptone. 

I 

1 

Purified 

more  with 

ether. 

4768 

Purified 
with  phos- 
phoiuniis- 

tic  acl'l. 

Purified  with 

phosphotunfcstic 

acid. 

c 

44  53 

48-76 

48-47 

47  30 

4659 

44-45 

4296 

4P 

44  47 

H 

1      6-49 

7-21 

702 

6-73        7  03 

1              1 

6-69 

7-17 

7-26 

715 

N. 

\    16-73 

16-26 

16-86 

16-83  i    16-68 

1 

18-28 

17-06 

1 

17-80        17-94 

S 

0-72 

0-77 

\     0-73 

1 



0-67 

0  50 

0-31 

057 

0 

31  53 

2701          

28-41 



27-77 

30-82 

31-67 

29-87 

Ash 

1 

!      8  11 

1 

3-22 

1 

216 

1 

6-25      10-02 

1             ; 
1 

3-67 

5-54 

1  93 

207 

The  nature  of  the  substance,  which  at  present  affords  but  little 
proof  that  we  have  to  deal  with  a  simple  body  and  not  a  mix- 
ture of  chemical  bodies,  places  the  greatest  restrictions  on  the  use  of 
the  above  values,  and  only  under  such  reserve  is  to  be  understood 
what  is  hereafter  added.  As  regards  the  analysis  of  the  single  sub- 
stances, we  are  inclined  to  believe  that  only  in  amphopeptone  B,  is 
there  a  difference  in  the  percentage  of  carbon  greater  than  the  ordi* 
nary  differences  naturally  to  be  expected  in  amorphous  materials  80 
difficult  to  prepare. 

Amphopeptone  A,  with  the  lowest  percentage  of  carbon,  has 
already  been  described  as  a  mixture  of  fibrin-peptone  and  muoin- 
peptone.     If  we  have  succeeded  in   removing  the  latter,  by  using 
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purified  pepsin,  then  the  figures  obtained  from  ^  and  ^  may  be  con- 
sidered as  representing  the  first  gastric  peptone  prepared  free  from 
albumose.  The  correspondence  between  the  two,  in  spite  of  the  fact 
that  by  continued  purification  of  b  we  succeeded  in  reducing  the  ash 
by  more  than  1  per  cent.,  we  think  may  be  considered  as  grounds  for 
this  assumption.  In  opposition  therefore  to  the  majority  of  pre- 
vious statements,  including  our  own,  which  as  now  easily  understood 
referred  to  mixtures  of  albumose  and  peptones,  there  is  to  be  noticed 
in  pure  amphopeptone  about  1  per  cent,  lower  content  of  carbon, 
about  as  much  higher  a  percentage  of  nitrogen  and  0-.3-0-4  per  cent, 
lower  content  of  sulphur. 

With  antipeptone,  the  variation  from  the  previous  results  was 
less  expected,  for  we  are  not  inclined  to  believe  that  in  our  former 
long  and  thorough  typsin  digestions,  any  appreciable  quantity  of 
albumose  remained  and  in  the  more  recent  ones,  the  precipitate  pro- 
duced by  ammonium  sulphate  was  never  abundant  if  the  matter 
separated  by  boiling  in  a  slightly  acid  solution  was  previously 
removed.  The  differences  found,  however,  might  be  readily  explained 
by  the  fact  that  the  purification  of  the  peptone  had  this  time  been 
more  complete,  owing  partly  doubtless  to  the  formation  of  the 
barium  compound,  and  partly  also  to  the  precipitation  with  phospho- 
tungstic  acid.  The  content  of  carbon  is  seen  to  be  about  1  per  cent, 
lower,  the  content  of  sulphur  likewise  lower  and  the  percentage  of 
nitrogen  decidedly  higher,  in  one  case  as  much  as  4  per  cent,  more 
than  before.  The  real  reason  for  this  difference  in  composition 
appears  to  us  to  lie  in  the  use  of  much  larger  quantities  of  trypsin, 
which  formerly  was  only  possible  by  using  large  quantities  of  the 
gland  substance,  so  that  the  fibrin-antipeptone  would  naturally  be 
obtained  mixed  with  the  gland  peptone.  It  is  well  for  the  future 
that  we  know  the  composition  of  these  gland  peptones,  for  they 
differ  essentially,  in  the  lower  content  of  carbon  (in  one  case  42*96 
per  cent.),  from  all  other  peptones  hitherto  investigated.  These 
bodies  might  be  pronounced  troublesome  intruders  with  the  same 
right  as  the  mucin-peptone  arising  from  gastric  digestion,  although 
we  found  in  it,  aside  from  the  percentage  composition,  no  reaction 
and  no  property  which  would  serve  to.  distinguish  it  from  the  other 
peptones. 

After  these  considerations,  little  stress  can  be  laid  on  the  differences 
between  the  composition  of  pepsin  and  trypsin  peptones.  We  have 
found,  however,  another  difference  which  we  will  examine  more 
closely. 
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Cleavage  of  the  peptones. 

As  already  mentioned,  Millon's  reaction  appears  very  brilliant  with 
araphopeptone,  but  more  or  less  imperfectly  with  antipeptone.  As 
the  reaction  is  sure  only  under  certain  circumstances  we  have  not 
neglected  to  perform  it  in  every  possible  way,  either  by  using  the 
same  concentration  of  solutions  of  the  two  peptones  under  exactly 
the  same  conditions,  or  by  trying  the  most  successful  variations  of  the 
experiment  for  antipeptone.  Thus  it  was  found  that  the  preparations 
C,  D,  E,and  F,  treated  in  a  suitable  way,  gave  an  appreciable  reaction, 
but  in  no  case  so  that  more  than  a  dirty,  generally  orange  red  pre- 
cipitate was  obtained.  On  the  contrary,  all  trials  with  gland  pep- 
tone purified  with  phosphotungstic  acid,  failed  to  give  more  than  a 
simple  yellow  color.  Since  Millon's  reaction  for  albumin  corresponds 
with  the  so-called  Hoffmann's  test  for  tyrosin,  and  since  with  albu- 
min it  probably  depends  on  the  separation  of  tyrosin  by  boiling 
with  the  acid  solution  of  murcuric  nitrate,  if  not  by  the  formation  of 
further  decomposition  products  of  tyrosin  (hydroparacumaric  acids) 
which  likewise  redden  with  the  test,  it  might  be  presumed  that  anti- 
peptone, in  contrast  to  the  amphopeptone  of  pepsin  digestion,  forms 
no  tyrosin  by  cleavage.  So  far  as  the  action  of  trypsin  is  concerned, 
this  was  already  knowir,  since  the  real  difference  between  gastric  and 
pancreatic  peptones  consists  in  the  fact  that  only  the  former,  when 
treated  with  trypsin,  yield  tyrosin  together  with  leucin  and  other 
decomposition  products — in  our  opinion  because  they  contain  hemi- 
peptone  capable  of  further  cleavage  (together  with  antipeptone). 
It  was  also  known  to  us,  however,  that  antipeptone  during  cleavage 
with  boiling  sulphuric  acid  yields  the  amido  acids,  and  among  them 
also  tyrosin.  Renewed  investigations  on  this  subject  appeared  called 
for  now,  since  we  thought  ourselves  in  possession  of  much  purer  pre- 
parations of  antipeptone. 

First,  we  established  the  possibility  of  decomposing  with  trypsin, 
amphopeptone  entirely  free  from  albumose.  A  few  hours'  digestion 
in  a  small  test  tube,  of  1  gram  of  peptone  in  10  c.  c.  of  water,  contain- 
ing 0*25  per  cent,  of  sodium  carbonate  with  a  little  thymol  and  a 
fragment  of  purified  pepsin,  sufficed  for  this  purpose.  By  concen- 
trating the  neutralized  solution  and  boiling  the  residue  with  alcohol, 
a  decided  residue  was  obtained  in  which  balls  of  leucin  and  bundles 
of  tyrosin  were  to  be  seen  under  the  microscope  without  further 
preparation.  The  residue  was  also  colored  a  beautiful  violet  with 
bromine  water.  We  also  sacrificed  a  large  quantity  of  ampho- 
peptone to  the  same  experiment  and  obtained  the  tyrosin  pure  (free 
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from  peptone)  and  tested  it,  both  by  Millon's  reaction  and  Piria's 
test.  Further,  a  few  grams  of  the  same  preparation  were  heated  for 
several  days  with  six  times  its  weight  of  sulphuric  acid  (2  :  3  water), 
and  after  removing  the  acid  with  barium  hydroxide,  ty rosin  and 
leucin  were  found  among  the  decomposition  products. 

Antipeptone  was  now  likewise  submitted  to  the  above  treatment. 
The  method  of  conducting  this  experiment  with  albuminous  bodies 
which  we  have  used  successfully,  even  with  2-3  grams  of  substance, 
is  as  follows.  The  substance  is  placed  in  a  small,  strong  flask  stand- 
ing on  an  asbestos  plate,  and  five  or  six  times  the  weight  of  sulphuric 
acid  of  the  above  mentioned  strength  is  added  and  the  mixture  kept 
boiling  as  long  as  desired.  The  loss  of  water  by  evaporation  is  pre- 
vented by  connecting  to  the  neck  of  the  flask  a  glass  tube  1  metre 
long  and  1  centimetre  in  diameter,  so  that  the  lower  end  cannot  be 
closed  by  a  drop  of  water.  The  upper  end  of  the  tube  is  drawn  out 
to  a  capillary  point  and  as  it  does  not  become  warm  at  the  top  dur- 
ing the  boiling  of  the  fluid,  all  loss  of  water  is  prevented. 

To  be  as  sure  as  possible,  we  have  treated  the  antipeptone  in  this 
manner  for  48  hours.  The  contents  of  the  flask  were  then  much 
diluted  with  water,  filtered  from  the  sticky  residue  always  present, 
made  alkaline  with  a  concentrated  solution  of  barium  hydroxide,  the 
barium  separated  from  the  filtrate  by  sulphuric  acid,  after  which  the 
clear  fluid  was  concentrated  and  allowed  to  crystallize.  It  is  not 
advisable  to  remove^  the  sulphuric  acid  with  barium  carbonate,  since  the 
latter  is  unavoidably  used  in  excess,  for  it  is  very  undesirable  to  have 
the  barium  precipitate  unnecessarily  increased  in  bulk,  as  the  cleav- 
age products  of  albumin  are  diflicult  to  remove  even  with  hot  water. 
Further,  the  mixure  is  made  alkaline  by  barium  carbonate  and 
soluble  barium  compounds  always  appear,  which  must  be  removed 
by  sulphuric  acid  in  every  case. 

In  the  strongly  concentrated  solution  finally  obtained,  in  case 
leucin  and  lyrosin  have  really  been  formed,  as  with  most  albuminous 
bodies,  their  presence  may  be  readily  shown  microscopically  and 
after  suitable  separation  of  the  mother  liquor,  or  if  necessary,  after 
re-crystallization  from  dilute  alcohol,  their  chemical  reactions  may 
likewise  be  obtained.  We  have  succeeded  after  this  manner  in  showing 
the  presence  of  leucin  always  in  antipeptone ;  tyrosin,  however,  only  in 
a  few  cases,  and  even  then  only  after  repeated  crystallization.  When- 
ever tyrosin  occurred  it  was  in  exceedingly  small  quantities.  From 
the  antipeptones  (gland  peptones  H  and  G)  with  which  Millon's  test 
had  hitherto  failed,  tyrosin  could   not  be  obtained  at  all,  and  that 
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tyrosin  was  really  absent  in  this  case  was  shown  by  the  final  exam- 
ination of  the  whole  united  residues  by  Hoffman's  test,  which  was 
absolutely  negative,  while  it  appeared  plainly  with  the  products  of 
the  remaining  antipeptones. 

Although  we  do  not  wish  to  consider  the  behavior  of  the  gland 
peptones  as  a  criterion  for  antipeptone  in  general,  still  this  result, 
united  with  the  small  amount  of  tyrosin  obtained  from  the  latter, 
seemed  to  call  for  further  investigations  concerning  the  decomposi- 
tion of  those  primary  cleavage  products  of  albumin  related  to  the 
antipeptones,  especially  antialbumid.  We  began  this  extension  of 
our  work  because  during  our  treatment  of  the  subject  an  article  of 
Maly's*  appeared,  in  which  he  described  a  very  interesting  cleavage 
and  oxidation  product,  obtained  by  treating  albumin  with  potassium 

I 

permanganate,  which  product  possesses  the  essential  properties  of  the 
albumins,  and  yet  on  further  decomposition  does  not  yield  tyrosin. 
It  is  questionable,  therefore,  whether  this  property  is  not  the  one 
directly  distinguishing  the  bodies  of  the  anti-  group  from  the  pri- 
mary cleavage  products  of  the  albumins. 

A  few  preliminary  experiments  were  made  with  samples  of  anti- 
albumid prepared  by  the  action  of  boiling  dilute  sulphuric  acid,  both 
on  fibrin  and  Thiry's  neutralization  precipitate  from  egg-albumin, 
also  with  the  antialbumid  remaining  from  the  digestion  of  fibrin 
with  trypsin,  and  finally  with  a  small  neutralization  precipitate 
of  so-called  parapeptone  from  an  incomplete  pepsin  digestion  of  fibrin, 
which  we  regarded  as  antialbumose.  After  these  experiments  as  a 
whole,  had  resulted  contrary  to  our  expectations,  in  that  a  moderate 
amount  of  tyrosin  appeared  after  boiling  the  substance  for  a  long 
time  with  sulphuric  acid,  we  submitted  to  decomposition  a  prepara- 
tion from  which  we  thought  we  could  expect  a  decisive  result. 
This  preparation  was  an  antialbumid  from  ^^g  albumin,  made  in  one  of 
our  former  investigations  as  follows :  White  of  egg  freed  from  mem- 
brane, was  coagulated  by  heat  in  an  acid  solution,  the  coagulum  fil- 
tered, thoroughly  washed  and  then  heated  for  a  long  lime  at  100°  C. 
with  dilute  sulphuric  acid,  the  residue  filtered,  washed  thoroughly 
with  water,  dissolved  in  sodium  carbonate,  precipitated  by  neutraliz- 
ation, the  precipitate  dissolved  in  0*2  per  cent,  hydrochloric  acid  and 
the  antialbumid  freed  from  all  other  other  albuminous  bodies  by  long 
continued  digestion  with  pepsin.  The  antialbumid  was  then  separated 
irom   the   solution    by  neutralization,  washed,  dissolved  in   0*5  per 


Wiener  Acad.  Silzuugaber.,  xci,  Abth.  5,  February,  1885. 


Kilhne  and  Chittenden — Peptones.  45 

cent,  sodinm  carbonate,  warmed  with  trypsin  at  40**  C,  and  after  the 
aDtialbumid  had  partially  separated  as  a  jelly-like  mass,  it  was 
filtered  and  washed  with  water,  finally  with  alcohol  and  ether.  This 
product  could  not  possibly  contain  any  known  albumin,  albumose  or 
peptone  and  undoubtedly  formed  the  purest  sample  of  antialbumid 
yet  prepared. 

By  decomposing  this  body  with  sulphuric  acid,  a  residue  was 
finally  obtained  which  to  our  surprise  gave  but  the  slightest  reaction 
for  ty rosin  with  Millon's  and  Hoffmann's  test,  with  Piria's  test  no 
reaction  whatever,  and  in  spite  of  endeavors  continued  for  weeks  not 
a  single  crystal  of  tyrosin  could  be  detected.  Leucin  was  found  in 
very  small  quantity  and  in  addition  there  were  seen  large  lustrous 
balls  of  crystals  of  some  nitrogenous  substance,  too  small  in  quantity 
to  be  identified. 
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On  the  dehydration  of   Glucose  in  the  Stomach  and 
Intestines.     By  R.  H.  Chittenden. 

In  a  series  of  interesting  comraunicalions*  "  On  the  physiology  of 
the  carbohydrates  in  the  animal  system,"  Dr.  F.  W.  Pavy  has 
brought  forward  evidence  to  show  that  glucose,  generally  considered 
as  the  final  product  of  amylolytic  action,  can  be  converted  within  the 
animal  body  into  a  product  of  less  cupric  oxide-reducing  power; 
that  there  exists  particularly  in  the  stomach  and  intestines  of  rabbits, 
a  ferment  which  has  a  dehydrating  action  upon  glucose  or  dextrose, 
transforming  it  into  a  body  akin  to  maltose  in  reducing  power. 

Hitherto,  it  has  been  generally  supposed  that  th6  transformations 
which  carbohydrates  undergo  in  the  animal  system  are  in  the  nature 
of  gradual  hydration  changes,  in  which  each  step  forward  toward 
the  final  product  is  attended  with  the  formation  of  bodies  of  in- 
creased cupric  oxide-reducing  power.  Dr.  Pavy's  results,  however, 
would  tend  to  show  that  transformations  in  the  opposite  directitm  do 
occur  and  this  notably  in  the  stomach  and  intestines  of  rabbits. 

Dr.  Pavy's  conclusions  concerning  this  dehydration  of  glucose  in 
the  animal  system,  are  based  upon  changes  in  the  cupric  oxide-reduc- 
ing power  of  the  carbohydrate,  after  contact  with  portions  of  the 
stomach  and  intestines  for  short  periods  of  time  at  48*8°  C.  It  is  a 
well  known  fact  that  the  reducing  power  of  pure  glucose  is  not 
affected  by  boiling  with  dilute  sulphuric  acid,  while  under  like  treat- 
ment, maltose  and  similar  bodies  are  readily  converted  into  glucose 
or  into  a  body  of  like  cupric  oxide-reducing  power. 

Dr.  Pavy  finds,  as  the  result  of  a  large  number  of  experiments, 
that  a  solution  of  glucose  or  grape  sugar,  by  mere  contact  with  the 
stomach  and  intestines  of  a  rabbit  at  48*8®  C.  is  changed  into  a  body 
of  less  cupric-oxide  reducing  power,  and  that  by  boiling  with  dilute 
sulphuric  acid  this  product  is  carried  back  again  into  glucose.  Thus, 
in  one  experiment,  0*138  gram  of  glucose  in  contact  with  strips  of 
stomach  from  a  rabbit  for  one  hour  and  a  half  at  48'8°  C.  showed, 
after  removal  of  the  dissolved  albumin  by  boiling  with  sodium  sul- 
phate, a  reducing  power  calculated  to  the  entire  amount  equivalent 
to  only  0O80  gram  of  glucose ;  while  after  boiling  with  dilute  sul- 
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phuric  acid  (the  solution  containing  two  per  cent.  H^SOJ  the  cupric 
oxide-reducing  power  was  increased  to  the  equivalent  of  0*134  gram 
of  glucose,  or  nearly  equal  to  the  amount  started  with. 

It  is  to  be  noticed  in  the  experiment  just  quoted,  that  the  cupric 
oxide-reducing  power,  before  and  after  treatment  with  sulphuric  acid, 
stand  to  each  other  in  the  proportion  of  58  :  100,  or  in  about  the  rela- 
tion of  maltose  (61)  to  glucose  (100).  In  some  experiments,  how- 
ever, the  reducing  power  before  boiling  with  dilute  acid,  was  so  low 
as  to  warrant  the  belief  that  dextrins  were  also  formed.  This  result 
is  a  type  of  many  similar  ones  obtained  by  Pavy  with  the  stomach 
and  intestines  from  various  animals  and  in  no  instance,  in  the  case 
of  rabbits  at  least,  so  far  as  reported,  were  negative  results  obtained. 

The  discovery  of  such  a  dehydrating  ferment,  hitherto  unsus- 
pected, appeared  to  be  a  matter  of  so  much  importance  that  experi- 
ments have  been  tried  in  this  laboratory  from  time  to  time  during 
the  past  two  years,  with  the  view  of  confirming  in  part  at  least  some 
of  Dr.  Pavy's  results.  To  our  surprise,  however,  in  no  case,  have 
we  been  able  to  obtain  results  corresponding  to  those  of  Pavy's, 
although  the  animals  experimented  with  (rabbits  and  cats)  were 
taken  in  various  stages  of  digestion.  We  therefore  record  here, 
some  of  the  results  simply  in  the  hope  that  some  light  may  be  thrown 
upon  the  cause  of  this  discrepancy  ;  or  if,  as  may  be,  the  ferment  is 
not  invariably  present,  some  reason  may  be  found  for  its  constant 
absence  in  the  tissues  of  the  animals  experimented  with,  and  thus 
light  be  thrown  upon  the  conditions  which  control  its  presence. 

The  glucose  used  in  the  following  experiments  was  a  sample  of 
crystallized  anhydrous  glucose  presented  to  the  laboratory  by  Dr. 
Arno  Behr.  The  sugar  was  quite  pure,  as  was  ascertained  by  testing 
both  its  reducing  power  and  specific  rotary  power,  and  more  import- 
ant still,  was  not  at  all  affected  by  boiling  with  dilute  sulphuric  acid. 
Thus  60  c.  c.  of  a  one  per  cent,  solution  of  the  glucose,  mixed  with 
sufficient  10  per  cent,  sulphuric  acid  to  have  the  mixture  contain  two 
per  cent,  of  H,SO^,  was  boiled  for  one  and  one-half  honrs,  the  flask 
being  connected  with  an  inverted  Liebig's  condenser  to  prevent  con- 
centration. The  solution  was  then  neutralized,  diluted  to  100  c.  c. 
and  tested  with  Fehling's  solution  according  to  the  method  of  Allihn. 
25  c.  c.  yielded  0*2414  gram  of  metallic  copper,  corresponding  to 
0*1246  gram  of  glucose,  whereas  the  25  c.  c.  of  solution  should  have 
contained  0*1260  gram  of  sugar.  Evidently  then,  the  reducing 
power  of  the  sugar  is  not  affected  by  treatment  with  dilute  acid. 

First  experiment, — A  rabbit  in  full  digestion  was  killed,  the  stom- 
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ach  emptied  of  its  contents  and  then  divided  into  two  longitudinal 
halves  along  the  curvatures.     One-half,  after  being  cleansed,  was 
finely  divided  and  placed  in  a  small  beaker  with  70  c.  c.  of  water  con- 
taining 0*200  gram  of  glucose.     An  equivalent  amount  of  the  small 
intestine,  similarly  cleaned  and  divided,  was  placed  in  a  second  beaker 
in   contact  with   70  c.  c.  of  water  containing  0*150  gram  of  gluco»e. 
Tn   both   cases  the  entire   walls,  including  niuscularis  and   mucosa, 
were  taken,  since  Pavy  has  indicated  that  the  converting  princii»le  is 
situated  not  on  the  surface  of  the  mucous  membrane,  but  in  the  deeper 
part.     The  two  mixtures  wore  then  placed  in  a  l>ath  and  warmed  at 
48'8"  C.  for  nearly  two  hours;  after  which  they  were  boiled,  crystals 
of  sodium  sulphate  being  added  to  aid  the  removal  of  the  dissolved 
albumin.     Tlie  individual  filtrates  and  washings  were  concentrated 
and  finally  brought  to  a  volume  of  100  c.  c.     Of  this,  25  c.  e.  were 
used   to  determine  the  cupric  oxide-reducing  power  of  the  solution 
directly,   while  50  c.  c.  of  each   solution   were  mixed  with  suflicien* 
ten  per  cent,  sulphuric  acid  to  insure  a  content  of  two  per  cent,  and 
then  boiled  for  two  hours,  in  connection  with  an  inverted  Liebig's 
condenser  to  prevent  concentration.     The  acid  solutions  were  then 
neutralized,   concentrated   somewhat  and  finally  brought  back  to  a 
volume  of  50  c.  c.      Following  are  the  analytical  results  obtained 
with  the  two  solutions,  the  reducing  power  being  determined  by 
AlUhn's  gravimetric  method.* 

Stomach. 

(I.  Before  trentrnent  with  sulphnric  acid, 
25  c.  0.  gave  O074<;  gram  Cii=003Hl  gram  dextrose  x  4^0*1524  gram  dextrose. 

h.  After  treatment  vith  sulphuric  acid. 
2")  c.  c.  gave  0  (»728  gram  Cu=0'0:'.72  gram  tloxtroso  x4=0'148S  gram  dextrose. 

Intestine. 

o.  Before  trootmmt  with  mlphvric  acid. 
2'i  c.  0.  gave  0  0512  gram  (>u:=002(;5  gram  doxtroso  x  4=0-1060  gram  dextrose. 

/'.  After  treat )nent  with  sulphuric  add. 
25  J.  ('.  gave  00520  gram  Cn==0'02<JI)  gram  dextrose  x4=0*1076  gram  dextrose. 

Hero,  there  is  no  ovidonce  whatever  that  the  glucose  was  affected 
bv  its  two  hours'  contact  with  the  stomach  and  intestine  of  the  rabbit 
at  488'^  C,  the  tein[)erature  spociiied  by  Pavy  as  that  best  adapted 
for  the  reaction.  Certainly  the  reducing  power  of  the  glucose  solu- 
tion is  essentially  the  same  before  and  after  treatment  with  sulphuric 


»  > 


ZcitHC'lirift  flip  Annlytiselie  Cliemie.  22.  .fnlirgang,  p.  448. 


JB.  JST  ChitUmUn — Dehydration  of  Glucose,  49 

acid.  Somewhat  in  accord  with  Pavy's  results,  however,  is  the  fact 
that  while  200  milligrains  of  glucose  were  introduced  into  the  stom- 
ach mixture  and  150  milligrams  with  the  intestines,  only  152*4  milli- 
grams were  recovered  from  the  former  and  1 06  milligrams  from  the 
latter,  although  the  residues  after  heating  with  sodium  sulphate,  were 
repeatedly  and  thoroughly  washed  with  hot  water.  Assuming  that 
this  loss  of  sugar  in  the  two  cases  is  really  due  to  change  of  glucose 
into  lower  reducing  bodies,  the  relative  reducing  power  of  the  sugar 
before  and  after  contact  with  the  stomach  and  intestines  would  be 
100:76*2  and  100:70*6  respectively.  But  if  there  had  been  any 
such  change  in  reducing  power,  the  treatment  with  sulphuric  acid 
would  certainlv  have  indicated  it. 

Second  ejrperiment — A  rabbit  in  full  digestion  was  killed  and  half 
of  the  stomach  and  a  portion  of  the  small  intestine  were  cleaned  and 
finely  divided.  The  stomach  tissue  was  then  heated  at  48*8®  C.  for 
one  and  one-half  hours,  w*ith  70  c.  c.  of  water  containing  0*200  gram 
of  glucose  and  the  portion  of  intestine  for  the  same  length  of  time, 
with  a  like  amount  of  glucose.  Treated  then  in  the  same  manner  as 
the  preceding  solutions,  the  following  results  were  obtained : 

Stomach. 

o.  Before  treatment  with  sulphuric  add. 
25  c.  c.  gave  0  0901  gram  Cii  =0  0460  gram  dextrose  x  4=01840  gram  dextrose. 

h.  After  treatment  with  sulphuric  acid. 

25  c.  c.  gave  00882  gram  Cu  =0*0450  gram  dextrose  x  4=:01800  gram  dextrose. 

Intestine. 

a.  Before  treatment  with  sulphuric  acid, 

26  c.  c.  gave  00690  gram  Cu  =00353  gram  dextrose  x  4=01412  gram  dextrose. 

h.  After  treatment  with  sulphuric  acid. 
25  c.  c.  gave  0-0726  gram  Cu  =0-0371  gram  dextrose  x  4  =  01484  gram  dextrose. 

In  this  experiment,  a  larger  amount  of  sugar  was  recovered  in  the 
case  of  the  stomach  tissue  than  in  the  preceding  experiment,  but  in 
neither  the  stomach  or  intestine  is  there  any  evidence  of  change  in 
the  reducing  power  of  the  sugar  before  and  after  treatment  with  sul- 
phuric acid.     In  this  connection  it  is  to  be  remembered,  that  the  only 
ground  for  belief  in  the  existence  of  a  dehydrating  ferment  in  the 
stomach  is  the  change,  notict?d  by  Pavy,  in  the  reducing  power  of 
the  sugar  under  the  above  method  of  treatment.     Our  method  of 
treatment  with  sulphuric  acid,  moreover,  both  as  to  the  length  of 
time  the{mixtures  were  heated  and  the  strength  of  acid  employed,  was 
in   accord  with  the  method  used  by  Pavy.     In  addition,  the  same 


50  JR,  H,  Chittendefi — Dehydration  of  Glucose, 

method  of  treatment  was  applied  to  a  known  solution  of  maltose  with 
satisfactory  results,  viz  :  a  rapid  and  complete  change  into  dextrose 
as  attested  by  the  proper  proportional  increase  in  reducing  power. 
Furthermore,  we  are  led  to  infer  from  Pavy's  results  that  the  action 
of  the  ferment  is  to  be  seen  to  the  best  advantage  in  the  rabbit. 
Thus  Pavy  states,*  that  without  having  made  any  precise  compara- 
tive observations,  ^  I  am  under  the  impression  that  the  stomach  and 
the  intestine  of  the  rabbit  act  more  energetically  than  the  stomach 
and  intestine  of  the  other  animals  I  have  tried.  It  also  appears  to 
me  that  the  stomach  acts  more  energetically  than  the  intestine,  and 
in  some  instances  I  have  noticed  that  the  effect  produced,  has  stood 
in  relation  to  the  amount  of  ferment  material  used."  The  hitter  half 
of  this  statement  would  tend  to  indicate  that  the  main  reason  for  our 
not  recovering  all  of  the  glucose  is  to  be  found  either  in  a  lack  of 
sufficient  washing  of  the  tissue  residue  at  the  end  of  the  experiment, 
or  else  in  a  slight  fennentation  by  which  a  portion  of  the  sugar 
might  be  decomposed  ;  for  as  is  to  be  noticed  in  nearly  all  of  the  ex- 
periments recorded  here,  far  less  sugar  is  lost  in  the  stomach  than  in 
the  intestine,  whereas  if  due  to  change  in  reducing  power  from  the 
action  of  a  dehydrating  ferment,  the  greatest  loss,  Pavy's  statement 
being  correct,  would  be  observed  by  contact  with  the  stomach  tissue. 
On  the  contrary,  our  results  show  greatest  loss  in  the  intestine,  which 
if  due  to  mechanical  reasons  would  be  naturally  explained,  since  the 
glairy  mass  of  tissue,  even  after  boiling,  affords  mechanical  obstacles 
to  a  thorough  extraction.  That  this  is  doubtless  the  true  explana- 
tion, in  part  at  least,  is  evidenced  by  the  fact  that  a  portion  of  the 
stomach  or  intestine,  previously  boiled  with  water  to  destroy  its 
vitality,  yields  results  after  the  same  order  as  those  already  given, 
except  that  the  amount  of  sugar  recovered  is  greater,  as  would  nat- 
urally be  expected  since  the  tissue  being  already  coagulated  would 
not  enclose  the  sugar  so  completely.  Thus,  on  warming  one-half  of  a 
rabbits'  stomach,  previously  divided  and  boiled  with  water,  with  0*200 
gram  of  glucose  for  two  hours,  there  was  recovered  0*1910  gram  of 
the  glucose;  while  from  a  portion  of  the  small  intestine,  likewise 
boiled  and  treated  with  the  same  amount  of  glucose,  there  was  recov-. 
ered  only  0*1 840  gram  of  the  sugar.  Furthermore,  fermentation  of 
the  sugar  would  naturally  occur  more  quickly  in  the  intestines  than 
in  the  more  compact  stomach  tissue.  B(;  that  as  it  may,  the  reduc- 
ing power  of  neither  solution  was  affected  by  boiling  with  dilute  sul- 
phuric acid. 
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Third  experiment. — A  rabbit  in  a  condition  of  hunger  was  killed, 
the  stomach  divided  longitudinally  along  the  curvatures,  and  one-half 
after  being  cleaned  and  finely  divided,  was  placed  in  contact  with 
0*200  gram  of  glucose  dissolved  in  70  c.  c.  of  water,  and  warmed  at 
48*8°  C.  for  one  and  one-half  hours.  The  mixture  was  then  heated 
to  boiling  with  the  addition  of  some  crystals  of  sodium  sulphate,  the 
tissue  and  coagulated  albumin  filtered  off  and  the  residue  washed 
with  about  300  c.  c.  of  hot  water.  The  fluid  was  concentrated, 
brought  to  a  volume  of  100  c.  c.  and  then  treated  as  in  the  preced- 
ing experiments.     Following  are  the  results  obtained  : 

Stomach. 

o.  Before  treatment  with  sulphuric  acid, 
25  c.  c.  gave  0-0834  gram  Cu  -0-0425  gram  dextrose  x  4=01700  gram  dextrose. 

h.  After  treatment  with  sulphuric  acid, 
25  c.  c.  gave  0*0798  gram  Cu  ^0-0407  gram  dextrose  x  4=0  1628  gram  dextrose. 

Here,  as  before,  there  is  no  evidence  of  any  change  in  the  charac- 
ter of  the  glucose ;  still  in  spite  of  the  comparatively  large  volume 
of  wash-fluid  used,  the  sugar  was  not  wholly  recovered. 

Fourth  experiment, — A  cat  killed  in  full  digestion  was  employed 

in  this  experiment.     One-half  of  the  stomach,  finely  divided,  was 

placed  in  contact  with  0*200  gram  of  glucose  in  76  c.  c.  of  water.     A 

portion  of  the  small  intestine  was  also  treated  with  a  like  amount  of 

sugar,  in  the  same  manner.     Both  were  warmed  for.  three  hours  at 

48*8^  C,  then  treated  by  the  same  method  as  used  in  the  preceding 

experiments. 

Stomach. 

a.  Before  treatment  with  sulphuric  acid. 
25  c.  c.  gave  0*0879  gramCu  =00449  gram  dextrose  x  4=0  1796  gram  dextrose. 

6.  After  treatment  witfi  sulphuric  acid. 
25  c.  c.  gave  0*0886  gram  Cu  =  00452  gram  dextrose  x 4=0*1808  gram  dextrose. 

Intestine. 

a.  Before  treatment  with  sulphuric  acid. 

25  c.  c.  gave  0*0668  gram  Cu  =0*0342  gram  dextrose  x  4=0*1368  gram  dextrose. 

6.  After  treatment  with  sulphuric  acid. 

26  c.  c.  gave  0-0684  gram  Cu  =0*0350  gram  dextrose  x  4=0*1400  gram  dextrose. 

Here  again,  there  is  no  evidence  whatever  of  any  change  in  the 
reducing  power  of  the  sugar  solution. 

Pavy  has  also  pointed  out  that  the  stomach  and  intestine  of  the 
rabbit,  as  well  as  of  other  animals,  have  a  transformative  action  on 
saccharose  as  well  as  on  dextrose.     The  transformative  energy  how- 
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ever  of  the  intestine,  is  much  greater  in  this  case  than  that  of  the 
stomach;  which,  according  to  Pavy,  accounts  for  the  early  discovery 
by  Bernard  of  the  well  known  action  of  the  intestine  on  cane  sugar. 
Bernard  supposed  dextrose  to  be  formed,  but  Pavy  shows  that  maltose 
or  a  body  resembling  maltose  in  reducing  properties,  is  the  usual 
product  and  that  glucose  or  dextrose  is  formed  only  in  the  presence 
of  considerable  ferment.  The  ferment  which  produces  this  change, 
unlike  the  ferment  which  acts  upon  glucose,  is  situated  on  the  surface 
of  the  mucous  membrane  and  thus  frequently  the  contents  of  the 
stomach  are  likewise  found  to  possess  transfoi*mative  power. 

Fifth  cQcperintent. — A  rabbit  with  stomach  partially  filled  with 
food  was  killed,  the  stomach  rinsed  with  water,  then  minutely  divided 
and  separated  into  two  equal  parts.  One  portion  was  placed  in  con- 
tact with  0*195  gram  of  glucose  in  75  c.  c.  of  water,  while  the  other 
portion  was  mixed  with  a  like  amount  of  pure  saccharose,  also  in  75 
c.  c.  of  water.  A  portion  of  the  small  intestine  was  likewise  finely 
divided  and  one  poition  placed  in  contact  with  0*195  gram  of  glucose 
in  75  c.  c.  of  water  and  the  other  portion  with  0*200  gram  of  saccha- 
rose dissolved  in  75  c.  c.  of  water.  All  four  mixtures  were  warmed  at 
48*8°  C.  for  two  hours,  then  heated  to  boiling  with  the  addition  of 
sodium  sulphate  and  finally  each  brought  to  a  volume  of  100  c.  c. 
25  c.  c.  of  the  saccharose  solution,  which  had  been  in  contact  with 
the  stomach  tissue,  gave  no  reduction  whatever  with  Fchling's  solu- 
tion. 25  c.  c.  of  the  saccharose-intestine  solution,  however,  gave 
0*0726  gram  Cu,  equivalent  to  00371  gram  dextrose. 

With  the  glucose  solutions,  the  following  results  were  obtained : 

Stomach. 

a.  Before  treatment  with  sulphuric  add. 

25  c.  c.  gave  00906  gram  Cu  =0*0462  gram  dextrose  x 4=0*1848  gram  dextrose. 

b.  After  treatment  with  sulphuric  acid. 

26  c.  c.  gave  0*0889  gram  Cu  =0  0454  gram  dextrose  x  4=0*1816  gram  dextrose. 

Intestine. 

a.  Before  treatment  with  sulphuric  acid. 
26  c.  c.  gave  0*0712  gram  Cu  =0*0364  gram  dextrose  x  4=s0*1456  gram  dextrose. 

b.  After  treatment  with  sulphuric  acid. 
25  c.  c.  gave  00689  gram  Cu  =s0'0353  gram  dextrose  x  4=:0'1412  gram  dextrose. 

With  glucose,  the  same  results  are  to  be  observed  here  as  in  the 
preceding  experiments;  the  only  variations  in  reducing  power,  before 
and  after  treatment  with  sulphuric  acid,  being  such  as  would  oome 
within  the  ordinary  limits  of  error.     In  one  single  case,  a  transforma- 


JR.  B.  Chittenden— ^Dehydration  of  (rtucoae,  63 

tion  of  saccharode  was  noticed  when  the  suga^  solution  was  warmed 
for  two  hours  with  a  portion  of  stomach  tissue  from  a  rabbit  killed 
in  full  digestion.  The  reduction  with  Fehling's  solution  was  quite 
strong. 

With  glucose,  however,  many  experiments  have  been  tiied  in  addi- 
tion to  those  given  above,  and  invariably  with  the  same  negative 
result.     The  conditions  of  the  experiments,  moreover,  are  in  many 
cases  identical  with  those  of  Pavy's  except  in  the  method  of  deter- 
mining reducing  power.     There  seems,  therefore,  to  be  no  plausible 
explanation  of  the  results  obtained,  other  than  that  in  the  above 
experiments  there  was  no  dehydrating  ferment  present.     Pavy  states 
that  the  ferment  in  question,  or  rather  "  the  active  principle  con- 
cerned in  the  transformation  of  glucose  is  susceptible  of  being  de- 
stroyed by  the  agency  of  gastric  digestion,"  so.  that  there  is  the  pos- 
sibility of  such  destructive  action  having  taken  place  in  the  stomach 
of  the  animals  experimented  with.     It  is  further'  stated,  however, 
that  the  converting  principle  is  situated  in  the  underlying  portion  of 
the  mucous  membrane,  so  that  destruction  could  hardly  be  expected, 
except  perhaps  in  the  slow  self-digestion  occurring  after  death.    Cer- 
tainly, the  carefully  rinsed  tissue  could  not  have  retained  sufficient 
gastric  juice  to  affect  the  results.     Furthermore,  such  decomposition 
would  apply  only  to  the  stomach  mixture  and  not  to  the  intestines, 
unless  sufficient  proteolytic  ferment  from  the  pancreatic  juice  should 
adhere  to  the  walls  of  the  intestines  to  exert  destructive  action ;  but 
in  the  last  experiment  given,  it  is  to  be  noticed  that  the  saccharose 
ferment,  which  is   presumably  equally  sensitive,  showed    vigorous 
action  while  tlie  glucose  was  unaffected. 

It  seems  strange,  therefore,  if  such  a  dehydrating  ferment  is  norm- 
ally present  in  the  alimentary  tract,  that  we  have  not  been  able  to 
obtain  some  tangible  evidence  of  its  presence,  either  in  the  stomach 
or  intestines. 

Since  the  above  was  written,  the  writer  has  noticed  that  M. 
Og4ta,*  experimenting  with  dogs,  has  also  been  unable  to  confirm 
Pavy's  results,  both  in  the  dehydration  of  glucose  and  in  the  inver- 
sion of  saccharose. 


*See  Jahresbericht  fur  Thierchemie,  iv,  275. 


Inflxjenck  op  Uranium  Salts  on  thk  Amylolytic  Action 
OF  Salita  and  the  Proteolytic  Action  op  Pepsin  and 
Trypsin.  By  R.  H.  Chittenden  and  M.  T.  Hutchinson, 
Ph.B. 

Little  is  known  regarding  the  physiological,  or  even  toxical  action 
of  the  uranium  salts.  In  1825,  Gmelin*  reported  upon  the  results  of 
Bofne  experiments  on  the  toxic  action  of  uranic  nitrate,  but  aside 
from  the  work  done  at  that  time,  little  is  known  regarding  the  action 
of  uranium.  It  is  our  purpose,  therefore,  to  carry  out  in  this  Lab- 
oratory, as  opportunity  offers,  a  series  of  experiments  on  the  physio- 
logical and  toxical  action  of  uranium  salts,  and  we  have  commenced 
the  work  by  endeavoring  to  ascertain  the  influence  of  the  above  salts 
on  the  amylolytic  and  proteolytic  action  of  the  ferments  occurring  in 
the  digestive  fluids  of  the  body.  In  this  connection  we  wish  to  ex- 
press  our  obligations  to  Professor  H.  Carrington  Bolton,  of  Trinity 
College,  for  his  kindness  in  supplying  us  with  an  abundance  of 
chemically  pure  uranium  compounds. 

1.  Influence  on  the  amylolytic  action  of  saliva. 

The  method  employed  in  determining  the  extent  of  amylolytic 
action  was  much  the  same  as  that  previouslyf  used  by  one  of  us, 
except  that  the  amounts  of  reducing  substances  formed  under  the 
different  conditions  of  the  experiments,  were  determined  volumetri- 
cally  by  Fehling's  solution,  instead  of  by  AUihn's  gravimetric 
method.  The  experiments  were  made  in  series,  in  which  one  diges- 
tion of  each  series  served  as  a  control  for  comparison. 

The  volume  of  each  digestive  mixture  was  100  c.  c.  and  contained 
I  gram  of  perfectly  pure  potato  starch,  previously  boiled  with  a  por- 
tion of  the  water,  10  c.  c.  of  a  diluted  neutral  saliva  and  a  given  per- 
centage of  the  uranium  salt  to  be  experimented  with.  The  mixtures 
were  then  warmed  at  40*  C.  for  30  minutes,  at  the  end  of  which 
time,  further  ferment  action  was  stopped  by  heating  the  solutions  to 
boiling.  The  saliva  employed  in  the  experiments  was  human  mixed 
saliva,  freshly  collected,  filtered  and  made  as  neutral  as  possible  with 
0-*J  per  cent,  hydrochloric  acid,  then  diluted  with  water  in  the  pro- 


•  Edinb.  Med.  Surg.  Qas.,  xxvi.,  136. 
f  Studies  from  this  Laboratory,  vol.  i.  1884-5,  p.  2  and  53. 
TRjjnai  Coiw.  Acab.,  Vol.  VII.  33a  Nov.,  1886. 
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portion  of  1  :  5.     Hence,  each  digestive  mixture  contained  2  c  c.  of 
undiluted  saliva. 

The  amount  of  reducing  substances,  which  for  the  sake  of  conven- 
ience are  calculated  as  dextrose,  were,  as  already  mentioned,  deter- 
mined volumetrically  and  from  the  data  so  obtained,  the  percentage 
of  starch  converted  was  likewise  calculated. 

Uranyl  nitrate. 
With  this  salt  the  following  results  were  obtained  : 

Total  amount  Relative 

U0a(N0a)2  +  6HaO.      reducing  bodies.  Starch  converted.        amylolytic  action. 


0 

0-4185  gram. 

87*21  per  cent. 

100-0 

00001  per  cent. 

0-4083 

86-74 

98-7 

00008 

0-8878 

84-85 

98.6 

0-0005 

0-8698 

88-28 

89-4 

0001 

0-8612 

82-50 

87-8 

0008 

0-8181 

28-17 

75-5 

0 

0-4066  gram. 

0-001  per  cent. 

0-4000 

0-002 

0-8880 

0-008 

0-8084 

0-004 

0-2545 

0-005 

01550 

0-008 

trace. 

The  inhibitory  action  of  the  uranyl  salt  is  plainly  manifest  in 
these  results.  A  second  series  of  experiments,  with  still  larger  per- 
centages of  uranyl  nitrate,  show  the   retarding  action  still   more 

plainly. 

Total  amoimt  Relative 

U0a(N0s)9  +  6HaO.      reducing  bodies.         Starch  converted.        amylolytic  action. 

86-59  per  cent.  100-0 

86-00  98-8 

84-92  95-4 

27-80  74-6 

22-90  62-6 

18-99  88*2 

The  largest  percentage  of  the  salt  used  (0*008  per  cent.),  is  seen  to 
almost  entirely  prevent  the  action  of  the  ferment,  thus  showing  how 
extremely  sensitive  the  salivary  ferment  is  to  the  action  of  this  salt. 
Comparing  the  two  series  of  experiments,  it  is  seen  further,  that  a 
given  percentage  of  the  salt,  say  0*001  per  cent.,  is  much  more  active 
in  one  case  than  in  the  other,  indicating  that  the  action  of  the  salt  is 
not  constant.  This  is  undoubtedly  true  to  a  limited  extent  The 
action  of  a  given  percentage  of  the  salt  is  constant  only  under  like 
conditions.  In  the  above  series  of  experiments,  the  saliva  is  different 
in  the  two  cases,  and  the  real  explanation  of  the  difference  in  action 
is  to  be  sought  for  in  the  amount  of  proteid  matter  contained  in  the 
saliva.  Undoubtedly  the  retarding  action  of  the  uranium  salt  is 
checked,  in   part  at  least,  like  that  of  mercuric  chloride,*  by  the 

*  Studies  from  this  Laboratory,  1884-85,  p.  *?!. 
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proteid  matter  of  the  saliva.     Uranium  is  a  well-known  precipitant  of 

albuminous  matter  and  hence  the  larger  the  amount  of  albumin  and 

globulin  contained  in  the  saliva,  the  weaker  the  retarding  action  of 

the  uranium  salt.      Previous  experiments  have  shown  that  saliva 

varies  somewhat  from  day  to  day  in  its  content  of  proteid  matter,  as 

well  as  in  the  amount  of  ferment,  and  although  the  former  difficulty 

is  obviated  as  much  as  possible  by  diluting  the  saliva,  still  this  point 

must  be  borne  in  mind  in  making  comparisons  of  the  different  series 

of  experiments. 

Uranyl  acetate. 

This  salt  appeared  somewhat  more  inhibitory  in  its  action  than  the 

nitrate,  due  possibly  to  its  greater  acidity.     The  two  following  series 

show  the  extent  of  action  : 

Total  amount  Relative 

n09(CaH309)9  +  HaO.    reducing  bodies.  Starch  converted.         amylolytic  action. 


0 

0-4040  gram. 

86-44  per  cent. 

100-0 

0-001  per  cent. 

0-2805 

20-74 

56-9 

0-002 

0-1698 

15-28 

41-9 

0-008 

trace. 

0 

0-4082 

86-28 

100-0 

0-0003 

0-4881 

88-97 

107-8 

0-0005 

0-8822 

29-89 

82-4 

0-0006 

0-8192 

28-89 

79-6 

0-0010 

0-2882 

25-98 

71-4 

The  presence  of  0*003  per  cent,  of  the  salt  almost  entirely  stops  the 
action  of  the  ferment,  while  0*0003  per  cent,  decidedly  increases 
amylolytic  action,  'lliis  latter  influence  is  similar  to  that  exerted  by 
many  other  metallic  salts  in  very  small  fractions  of  one  per  cent,  and 
is  doubtless  to  be  attributed,  in  part  at  least,  to  the  stimulating 
action  of  the  aoid-proteids  formed,  or  in  part,  as  suggested  by 
Duggan,*  to  a  more  complete  neutralization  of  the  digestive  fluid. 

Ammonio  uranous  sulphate. 
With  this  salt  the  following  results  were  obtained : 


U(S04),  +  (NH4), 

Total  amount 

Relative     • 

SO4  +  H,0. 

reducing  bodies. 

Starch  converted. 

amyloljtic  action. 

0 

0-8884  gram. 

80-45  per  cent. 

1000 

0-0008 

0-8985 

85-41 

116-8 

0*0005 

0-8798 

84-18 

112-2 

0-0006 

0-8568 

80-40 

99-8 

0-001 

0-8550 

80-28 

99-4 

0-002 

0-2951 

26-55 

87-2 

0-008 

0-0805 

7-24 

28-7 

*See  Amor.  Chem.  Jour.  vol.  viii,  p.  211. 
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Here  there  is  to  be  Been  both  stimulatiDg  and  inhibitory  action, 
both  quite  pronounced;  and  further,  the  salt  is  perfectly  neutral,  so 
that  such  action  as  is  exerted  must  be  due  to  the  salt  itself. 

Sodio  uranic  sulphate. 

This  salt,  which  like  the  preceding  was  exactly  neutral  to  test 
papei-s,  shows  both  stimulating  and  retarding  action,  but  in  extent 
somewhat  smaller  than  that  of  the  uranous  salt.  Following  are  the 
results  obtained: 


,S04  +  Na«S04. 
0 
0-0008  per  cent. 
0-0005 

Total  amount 
reducing  bodies. 

0-4049  gram. 

0-4100 

0-4000 

Starch  converted 
86-44  per  cent. 
86-90 
8600 

Relative 
amylolytic  action. 

100-0 

101-8 

98-8 

0-0008 
0-001 

0-4100 
0-4117 

86-90 
87-05 

101-2 
101-7 

0-002 

0-2580 

22-77 

62-5 

0-008 

0-2000 

18-00 

49-4 

0005 

trace. 

• 

Potassio  uranic  oxychloride, 

UOaCU  4  2K01               Total  amount  Relative 

+  2H9O.                   reducing  bodies.        Starch  converted.  amyloljrtic  action. 

0                              0*4082  gram.          86-26  per  cent.  1000 

0-0005  per  cent.         0*8951                      85*55  98-0 

0-0008                         0*4016                      86*14  996 

0-001                           0-4088                      86-74  101-8 

0*002                           0-1881                      16*92  •  46*6 

0008                           0*1078                       9*65  26*6 

0-005  trace 

This  salt  had  an  acid  reaction  and  its  retarding  effects  are  seen  to 
be  somewhat  more  pronounced  than  that  of  the  two  preceding  neu- 
tral salts. 

Ammonio  uranic  citrate. 

Relative 

Starch  converted.  amyiolytic  action. 

87*21  per  cent.  100-0 

88*68    .  108-9 

8(1*14  97-1 

36*44  97-9 

34*85  98*6 

86-14  97-1 

33*86  89-6 


(UO,)alC.H507)9  + 
(NH.jaC.H.O,. 

Total  amount 
reducing  bodies 

0 

0*4135  gram. 

0*0008  per  cent 

;.         0*4298 

0*0005 

0*4016 

0-0008 

0*4049 

0*001 

0*8873 

0*002 

0-4016 

0003 

0-8843 
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(U09)s(CeH60T)a+  Total  amount  Relative 

(N'E[4)sCeH607.  reducing  bodies.  Starch  converted.        amylolytic  action. 

0  0-4117  gram.  87  05  per  cent.  100-0 

0-004  per  cent.  0-2878  21-40  67-7 

0-005  0-2144  19-29  520 

0-006  0-2318  21-89  57*7 

0-007  0-1845  16-60  44-8 

0-008  0-1765  15-88  428 

0-010  trace 

The  action  of  this  salt  is  mainly  a  restraining  one,  but  the  action 
is  pronoanced  only  with  the  larger  percentages. 

As  to  the  way  in  which  these  uranium  salts  diminish  the  amylolytic 
action  of  the  ferment,  we  cannot  say  detinitely.  What  has  previously* 
been  written  regarding  the  action  of  other  metallic  salts,  under  like 
conditions,  is  doubtless  true  here.  Loss  of  amylolytic  power  is  due 
in  part,  no  doubt,  to  partial  direct  destruction  of  the  ferment,  as 
well  as  to  change  in  the  reaction  of  the  fluid.  Coupled  with  this 
destructive  action,  however,  there  must  be  in  addition  something  in 
the  mere  presence  of  these  salts,  dependent  on  chemical  constitution, 
that  controls  the  action  of  the  ferment. 

The  following  table  shows  the  relative  acceleration  and  retardation 
of  the  various  salts,  compared  with  their  respective  controls  expressed 
as  100. 

2.  Influence  on  the  proteolytic  action  of  pepsin-hydrochloric  acid. 

The  influence  of  uranium  salts  on  the  proteolytic  action  of  pepsin- 
hydrochloric  acid,  was  determined  by  ascertaining  the  amount  of 
fibrin  digested  or  dissolved  in  a  given  time,  by  a  definite  volume  of 
a  standard,  artificial  gastric  juice,  in  the  presence  of  varying  amounts 
of  the  uranium  salts.  The  gastric  juice  was  made  by  dissolving  10 
c.c.  of  a  glycerin  extract  of  pepsin  in  one  litre  of  0*2  per  cent,  hydro- 
chloric acid.  The  volume  of  each  digestive  mixture  was  60  c.c. ; 
composed  <of  26  c.c.  of  the  above  mentioned  artificial  gastric  juice 
and  25  c.c.  of  0*2  per  cent,  hydrochloric  acid,  containing  the  neces- 
sary amount  of  uranium  salt.  The  proteid  material  consisted  of 
purified  fibrin,  coarsely  powdered  and  dried  at  100°  C.  One  gram  of 
fibrin  was  used  in  each  experiment.  The  digestive  mixtures  were 
warmed  at  40®  C.  for  one  hour  and  then  the  undissolved  residue  was 
collected  on  weighed  filters  and  finally  dried  at  100-110®  C.  until  of 
constant  weight.  The  amount  of  fibrin  dissolved  is  taken  as  a  meas- 
ure of  the  proteolytic  action. 

*See  Studies  from  this  Laboratory,  vol.  i,  1884-5,  pp.  70-75. 
Traks.  Conh.  Aoadl,  Vol.  VIL  34  Nov.,  1886 
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Following  are  the  results  obtained  with  the  various  salts : 

Uranyl  nitrate. 

Relative 
U0s(N03), +  6HaO.       Undigested  residue.        Fibrin  digested.  proteolytic  action. 


0 

01353  gram. 

86-47  per 

cent. 

100-0 

0-025  per 

cent. 

0-1365 

86-35 

99-8 

0-050 

0-1378 

86-22 

99-7 

0-100 

0-2397 

76-03 

87-9 

0-500 

0-5003 

49-97 

57-8 

1-000 

0-6638 

Uranyl 

33-62 
acetate. 

38-8 

UO,(CalI,0,), 

Relative 

+  H,0. 

Undigested  residue. 

Fibrin  digested. 

proteolj'tic  action 

0 

0-1453  gram. 

85-47  per  < 

3ent. 

100-0 

0-025  per 

cent. 

0-1581 

84-19 

98-5 

0-050 

0-1867 

81-33 

95-1 

0-100 

0-2052 

79-48 

92-9 

0-500 

0-7507 

24-93 

29-2 

1-000 

1-0050 

0 

0 

It  is  to  be  noticed  here,  that  the  retarding  action  of  the  acetate,  as 
with  saliva,  is  far  greater  than  the  nitrate,  a  fact  which  is  doubtless 
dependent  in  this  case  on  the  nature  of  the  acid  united  with  the  ura- 
nium. Further,  it  is  to  be  noticed,  that  the  action  of  uranyl  sulphate 
falls  about  midway  between  the  action  of  the  nitrate  and  acetate. 
These  facts  accord  with  views  previously*  expressed,  and  show 
plainly  that  the  extent  of  the  retarding  action  of  salts  in  general  is 
dependent  in  part,  on  the  liberation  of  the  acid  of  the  salt  and  the 
digestive  power  of  the  pepsin-ac/e;?  formed.  Experiments  have  shown 
that  nitric  acid  of  appropriate  strength,  united  with  pepsin,  is  about 
four-fifths  as  active  as  hydrochloric  acid,  while  sulphuric  acid  is  only 
a  little  more  than  one-fourth  as  active  as  hydrochloric  of  the  same 
strength  and  that  acetic  acid  is  practically  inactive.  Hence,  the 
base  being  the  same,  acetates,  citrates,  and  other  salts,  the  acids  of 
which  are  not  capable  of  working  with  pepsin  will  most  readily  retard 
gastric  digestion.  This  view  being  correct,  uranyl  nitrate,  sulphate 
and  acetate  should  retard  gastric  digestion  in  just  such  relative  pro- 
portion as  our  experiments  show  they  actually  do. 

•See  Studies  from  this  Ijaboratory,  1884-8r»,  p.  94-95. 
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Uranyl  sulphate. 

Relative 
UOaS04  +  3HaO.  Undigested  residue.        Fibrin  digested.         proteolytic  action. 

0  0-1832  gram.  81-68  per  cent.  100-0 

0-025  per  cent.  0-2545  74-55  91-8 

0050  0-2678  7827  897 

0100  0*8155  68-45  88-8 

0-500  0-6084  89-16  479 

1-000  0-8225                          17-75  21-7 

Arnmo7iio  uranous  sulphate. 

USO,  +  (NH4),S04  Relative 

+  HaO.  Undigested  residue.        Fibrin  digested.  proteolytic  actioD. 

0  0-1838  gram.  81-67  per  cent.  1000 

0-025  per  cent.  0  2859  71-41  87-4 

0-050  0-3143  68-57  83-9 

0-100  0-3742  6-258  76-6 

0-500  0-9113                           8-87  108 

1-000  10070                              0  0 

A  comparison  of  the  action  of  the  two  last  salts,  shows  plainly 
that  the  ammonio  uranous  compound  has  a  far  greater  inhibitory 
action  than  the  simple  uranyl  sulphate. 

Ammonio  uranic  citrate. 


(UO,)«(OJI50t), 

+  (XH4)3C«H»Ot. 

Undigested  residue. 

Fibrin  digested. 

Relative 
proteolytic  action. 

0 

0-1747  , 

gram. 

82-58  per  cent. 

100-0 

0-025  per  cent. 

0-1795 

82-05 

99-4 

0-050 

0-2102 

78-98 

95-7 

0-100 

0-2180 

78-20 

94-7 

0-500 

0-9a55 

9-45 

11-4 

1000 

0 

0 

0 

Sodio 

urafiic 

sulphate. 

UOaS04  +  Na2S04 
-f2H,0. 

Undigested  residue. 

Fibnn  digested. 

Relative 
proteolytic  action. 

0 

0-2624  1 

^rain. 

73-76  per  cent. 

100-0 

0-025  per  cent. 

0-2666 

73-84 

99-4 

0-050 

0-3688 

63-12 

a5-5 

0-100 

0-443H 

55-62 

75-6 

0-500 

0-8131 

19-69 

26-7 

1-000 

0-9891 

1-09 

1-5 

In  the  two  last  series,  the  amrnonio  uranic  citrate  is  noticeable  for 
not  causing  a  gradual  diminution  in  the  proteolytic  action  of  the 
ferment;  but  on  the  contrary,  it  gives  rise  to  a  sudden  and  rapid  fall- 
ing off  in  proteolytic  action,  when  a  certain  percentage  of  the  salt  is 
added.     Tlie  same  thing  is  to  be  noticed  in  the  case  of  the  uranyl 
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acetate  and  the  reason  doubtless  lies  in  the  fact  that  the  acid  in  these 
two  salts  is  wholly  incapable  of  forming  an  active  compound  with 
pepsin,  and  thus  when  a  percentage  of  the  salt  is  added  sufficient  to 
use  up  all  of  the  hydrochloric  acid  of  the  gastric  juice,  digestive 
action  comes  to  a  full  stop. 

Potassio  uranic  oxychloHde. 


U0,C1,  +  2KC1 

Relative 

+  2HaO. 

Undigested  residue. 

Fibrin  digested. 

proteolytic  action. 

0 

0-3063  gram. 

69*37  per 

cent.         100-0 

0-025  per 

cent 

0-2472 

75-28 

108-0 

0-050 

0-2123 

78-77 

113-5 

0-100 

0-2632 

74-68 

107-6 

0-300 

0-2648 

73-52 

105-9 

0-500 

0-3578 

64-22 

92-5 

With  this  salt,  unlike  any  of  the  preceding,  there  is  to  be  seen  a 
direct  stimulating  action  on  the  ferment.  Only  in  the  presence  of  0-5 
per  cent,  of  the  salt  is  there  any  retarding  effect  produced.  This 
naturally  suggests  that  possibly  uranium  per  se^  at  least  in  small 
fractions  of  a  per  cent.,  has  really  a  stimulating  effect  on  ferment 
action,  but  that  owing  to  its  combination  with  acids,  in  the  forma- 
tion of  salts,  its  apparent  effects  in  the  case  of  pepsin-hydrochloric 
acid  are  those  due-  to  combination  of  the  normal  acid  of  the  gas- 
tric juice  and  liberation  of  the  acid  of  the  uranium  salt.  In  this 
way  only,  can  we  explain  the  noticeable  difference  in  action  of 
the  oxychloride  and  the  other  uranium  salts.  Thus  0-5  per  cent,  of 
the  former  causes  but  slight  diminution  in  proteolytic  action,  while 
with  all  the  other  salts,  the  same  percentage  causes  on  an  average,  a 
diminution  in  proteolytic  action  of  at  least  50  per  cent.  This  would 
apply,  of  course,  only  to  small  percentages  of  uranium,  for  larger 
amounts  of  oxychloride  would  cause  the  formation  of  an  indigestible 
uranium-albumin  compound. 

Here,  however,  as  in  the  case  of  all  the  salts,  the  action  of  any 
given  percentage  is  constant  only  under  definite  conditions.  Dimin- 
ish the  amount  of  ferment,  for  example,  and  the  amount  of  dissolved 
proteid  matter  consequent  thereto,  and  then  the  retarding  action  of 
the  same  percentage  of  uranium  salt  will  be  correspondingly  in- 
creased. 

This  is  well  illustrated  in  the  following  series  of  experiments  with 
potassio  uranic  oxychloride.  Using  the  same  percentages  of  salt  as 
employed  in  the  preceding  series,  with  the  same  strength  of  acid, 
but  with  only  half  the  same  content  of  pepsin  extract,  and  the  fol- 
lowing results  were  obtained : 
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Relative 

uiium  salt.           UDdigosted  residue. 

Fibrin  digested. 

proteolytic  action 

0                              0-1652  gram. 

83-48  per  cent, 

100-0 

0-025  per  cent.           01082 

80-18 

96-0 

0-050                           0-2192 

78-08 

98-5 

0-100                           0-2569 

74-31 

89-2 

0-800                           0-8486 

65-14 

78-0 

Increasing  the  percentages  of  the  oxychloride  still  further,  either 
with  this  strength  of  pepsin  or  the  preceding,  and  there  is  seen  a 
gradual  diminution  in  the  action  of  the  ferment.  Compared,  how- 
ever, with  the  action  of  the  preceding  salts,  retardation  is  seen  to 
be  quite  slow;  thus  even  2*0  per  cent,  causes  a  diminution  of  pro- 
teolytic action  amounting  to  only  60  per  cent. 

The  following  table  of  comparisons  shows  the  relative  acceleration 
and  retardation  of  the  various  salts  compared  with  their  respective 
controls  expressed  as  100. 

Table  showing  relative  Proteolytic  Action. 


Percentage  of  Salts. 


0025 


Uranyi  nitrate 99*8 

Uranyl  acetate 98*5 

Uranyi  sulphate 91-3 

Ammonio  uranous  sulphate .  87*4 

Sodio  uranic  sulphate |  99-4 

Ammonio  uranic  citrate 99*4 

Potassio  uranic  oxychlo- )  1  108-0 

ride f2  96-0 


0-05       01 


99-7  87-9 

951  92-9 

89-7  88-8 

88  9  ;  76-6 

a5-5  75-6 

95-7  i  94-7 

118-5  107-6 

93-5  89-2 


0-8 


105-9 
78-0 


0-5 


57-8 


47-9 
10-8 
26-7 
11-4 
92-5 


1-0 


38-8 


29.2  ;     0 


2-17 

0 
1-5 

0 


81 0      66-2 


2.0 


49-4 


In  retarding  proteolytic  action,  the  uranium  salts  act  in  part  by 
combining  with  the  proteid  matter  to  be  digested,  forming  a  uranium- 
albumin  compound,  which  is  indigestible.  Further,  in  a  solution  at 
all  concentrated,  the  uranium  salt  is  liable  to  precipitate  mechanic- 
ally a  poi-tion  or  all  of  the  pepsin  along  with  the  albuminous  matter. 
In  addition  to  this,  however,  retardation  is  also  due,  as  already  ex- 
pressed, to  liberation  of  the  acid  of  the  salt  by  the  hydrochloric  acid 
of  the  gastric  juice  and  to  the  subsequent  formation  of  a  pepsin-acid 
only  partially,  or  not  at  all,  capable  of  digestive  action. 
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3.   Influence  on  the  proteolytic  ctction  of  trypsin. 

The  method  employed  in  determining  the  extent  of  proteolytic  ac 
tion  in  this  case  was  mach  the  same  as  in  the  preceding.  The  trypsin 
solution  was  made  as  neutral  as  possible  and  was  prepared  from  dried 
ox  pancreas,  previously  extracted  with  alcohol  and  ether;  20  grams 
dry  pancreas,  extracted  with  200  c.c,  0*1  per  cent,  salicylic  acid  and 
ultimately  diluted  to  1  litre.  A  little  thymol  was  added  to  prevent 
decomposition.  60  o.c.  of  the  trypsin  solution  were  used  in  each  ex- 
periment, together  with  1  gram  of  prepared  fibrin  and  the  necessary 
amount  of  uranium  salt. 

The  first  experiment  was  tried  with  uranyl  nitrate,  the  mixtures 
being  warmed  at  40**  C.  for  six  hours.     Following  are  the  results  : 

Relative 
U0a(N0a)«  +  6HaO.        Undigested  residue.        Fibrin  digested.        proteolytic  action. 

70*73  per  cent.  1000 

66-72  94-3 

65-40  92*4 

58-02  820 

49-96  70-6 

0  0 

With  this  salt  retarding  action  is  seen  to  be  gradual  up  to  a  certain 
point,  and  then  suddenly  all  ferment  action  ceases. 

Uranyl  acetate, 

UO,(CaH,0,),  Relative 

+  H3O.  Undigested  residue.        Fibrin  digested.        proteolytic  action. 

0  0-4284  gram.  57-66  per  cent.  1000 

0010  per  cent.  0-4591  5409  98-8 

0026  0-5460  45-40  787 

0-050  0-6094  8906  67-7 

0100  0-8173  18.27  81-6 

0-500                                                                 0  0 

This  series  of  experiments  was  warmed  at  40°  C.  for  about  five 

hours.     The  inhibitory  action  of  the  salt  is  seen  to  be  more  pro- 
nounced than  that  of  the  nitrate ;  indeed,  there  is  to  be  seen  here, 

the  same  difference  in  action  noticed  in  the  case  of  the  amylolytic 

ferment. 

Uranyl  sulphate. 

With  this  salt,  under  exactly  the  same  conditions  of  time  and 
temperature  as  the  preceding,  the  following  results  were  obtained : 


0 

0-2927  gram. 

0*010  per  cent. 

0-8328 

0*025 

0-8460 

0*050 

0-4198 

0-100 

0-5004 

0-500 
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Relative 

U09S04  +  3H,0. 

i: 

Ddigested  residue. 

Fibrin  digested. 

proteolytic  action. 

0 

0-3790  gram. 

62-10  per  cent. 

100-0 

0-010  per 

cent. 

0-8863 

61-87 

98-8 

0-025 

0-6023 

49-77 

80-1 

0050 

0-6066 

39-34 

63-3 

0-100 

0-8083 

19-17 

300 

0-500 

—  — 

0 

0 

These  results  are  seen  to  accord  almost  exactly  with  the  preceding 
and  show  that  both  salts  have  an  action  on  this  ferment  much  more 
pronounced  than  on  pepsin-hydrochloric  acid. 

Ammonio  uranoxi$  sulphate. 


U(S04)  +  (NH4), 
SO4  +  H,0 

1 

Undigested  residue. 

Fibrin  digested. 

Relative 
proteolytic  action. 

0 

0-4025  gram. 

59-75  per 

cent 

100-0 

0010  per 

cent.           0-4031 

59-69 

99-7 

0-025 

0-4229       « 

57-71 

96-4 

0-050 

0-4824 

51-76 

86-6 

0100 

0-5743 

42-57 

72-9 

0-500 
U0aS04+Na,S0, 

-f2HaO. 

0 
c  sulphate. 
Fibrin  digested. 

0 

Relative 
proteolytic  action. 

Sodio  urani 

Undigested  residue. 

0 

0-3261  gram. 

67-39  per 

cent 

100-0 

0-010  per 

cent.           0-3414 

65-86 

97-4 

0-025 

0-3588 

64-12 

94-8 

0-050 

0-3961 

60-39 

89-5 

0-100 

0-4462 

55-38 

82-1 

0-500 

0 
nic  citrate. 

0 

Ammonio  ura 

(ITOaMCeH.O,), 

+  (NH4),C«H50,. 

Undigested  residue. 

Fibrin  digested 

• 

Relative 
proteolytic  action 

0 

0-3955  gram. 

60-45  per 

cent. 

100-0 

0-010  per 

cent.          0-4934 

50-66 

83-8 

0025 

0-5282 

47-18 

78-0 

0-050 

0-6618 

33-82 

55-9 

0-100 

0-7705 

22-95 

37-8 

0-500 

0-7168 

28-32 

46-8 

UOiCl,  +  2KCI 
+  2HaO. 

Potasaio  uranic 

Undigested  residue. 

oxychloride. 

Fibrin  digested. 

Relative 
proteolytic  action. 

0 

0-4234  grain. 

56-76  per 

cent 

100-0 

0-010  per 

cent.           0-4498 

55  02 

96-4 

0  025 

0-5224 

47-76 

82-8 

0-050 

9-5629 

43-71 

75-9 

0-100 

0-7087 

29- 13 

50-8 

0-500 

• 

0 

0 
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With  the  exception  of  ammonio  uranic  citrate,  the  four  last  salts 
experimented  with,  show  about  the  same  degree  of  inhibitory  action; 
the  citrate,  however,  appears  less  pronounced  in  its  action  than  the 
others.  As  to  the  manner  in  which  the  uranium  salts  retard  the 
proteolytic  action  of  the  pancreatic  ferment,  it  is  probable  that  the 
main  explanation  is  to  be  found  in  the  power  possessed  by  the  former 
of  combining  with  proteid  matter  in  general ;  combining  with 
and  rendering  indigestible  the  albuminous  material  added  to  the 
digestive  mixture  and  perhaps  precipitating^  or  even  destroying,  the 
ferment  itself.  Further,  the  reason  why  certain  salts  appear  less 
active  than  others  is  perhaps  to  be  found  in  the  fact  that  in  the  pre- 
cipitation of  albuminous  matter  by  uranium  salts,  the  uranium  com- 
bines directly  with  the  proteid  matter,  thus  liberating  the  acid  of 
the  salt;  and  as  trypsin  is  inactive  in  the  presence  of  free  mineral 
acids,  and  only  partially  active  in  the  presence  of  combined  acids 
(combined  with  proteids),  it  follows  that  an  organic  salt,  such  as 
a  citrate,  would  naturally  be  less  active  as  a  retarding  agent,  than 
the  nitrate   or  sulphate. 

The  following  table  shows  the  relative  retardation  of  the  various 
salts  expressed  in  terms  of  relative  proteolytic  action: 

Table  showing  relative  Proteolytic  Action. 


Percentage  of  Salts 

Uranyl  nitrate 

Uranyl  acetate 

Uranyl  sulphate 

Ammonio  uranous  sulphate 

8odio  uranic  sulphate 

Ammonio  uranic  citrate 

Potassio  uranic  oxychloride . 


It  is  thus  seen  that  uranium  salts,  in  the  main,  like  most  other 
metallic  salts,  exert  a  decided  retarding  influence  on  the  action  of  the 
digestive  ferments. 


0-01 

1 
0025 

0-05 

0-1 

0-5 

94-8 

92-4 

• 

82  0 

70-6 

0 

93*8 

78-7 

67.7 

31-6 

0 

98-8 

801 

68-3 

30-8 

0 

99-7 

96-4 

86-6 

72-9 

0 

97-4 

94*8 

89-5 

82-1 

0 

83-8 

78-0 

55-9 

37-8 

46-8 

95-4 

82-8 

75-9 

1 

50-8 

0 
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The  Relative  Distribution  op  Antimony  in  the  organs 
and  tissues  of  the  body,  under  varying  conditions.  by 
R.  H.  Chittenden  and  Joseph  A.  Blake,  B.A.,  Ph.B. 

Orfila,  many  years  ago,  proved  that  salts  of  antimony,  like  the 
salts  of  other  metallic  poisons,  are  absorbed  and  can  be  detected  in 
the  animal  tissues  and  secretions,  especially  in  the  liver  and  kidneys; 
and  further  that  the  absorbed  antimony  is  slowly  discharged  from 
these  quarters  through  the  medium  of  the  unne.  These  early  results 
were  confirmed  by  other  investigators,  notably  Danger  and  Flandin 
and  by  Panizza  and  Kramer,  the  latter  of  whom  detected  antimony, 
not  only  in  the  urine,  but  also  in  the  blood  of  a  man  during  a  course 
of  tartar  emetic*  Orfila's  work  also  indicated  that  while  the  elimina- 
tion of  absorbed  antimony  commences  very  quickly,  it  is  a  compara- 
tively slow  process ;  thus  in  one  instance  he  stated  f  that  he  found 
antimony  in  the  fat,  liver  and  bones  of  a  dog  that  had  taken,  three 
months  and  a  half  before  its  death,  46*5  grains  of  tartar  emetic  dur- 
ing a  period  of  ten  days,  and  that  similar  results  were  obtained  in  a 
second  case  in  which  the  interval  was  four  months.  Presumably, 
however,  elimination  is  much  more  rapid  than  these  figures  would 
seem  to  indicate. 

Dr.  Richardson,  however,  found  antimony  in  abundant  proportions 
in  the  liver,  and  in  smaller  proportions  in  the  kidney  and  heart, 
twenty-one  days  after  the  last  dose  of  antimony  had  been  taken.  As 
to  the  relative  distribution  of  absorbed  antimony,  the  experiments  of 
Drs.  Nevins  and  Richardson  are  the  only  important  ones  i-ecorded. 
Dr.  NevinSjJ  experimenting  on  rabbits,  with  tartar  emetic  in  doses  of 
0*5, 1  and  2  grains  four  times  daily,  found  that  the  weakest  rabbit 
died  after  taking  12  grains,  the  strongest  after  taking  72  grains  of 
the  poison.  Other  rabbits  were  killed  at  varying  lengths  of  time 
after  taking  the  last  dose  of  poison  (31,  14,  4,  and  3  days),  and  in 
every  case  antimony  was  found  in  large  quantity  in  the  liver,  in 
smaller  quantities  in  the  spleen  and  stomach.  Antimony  was 
likewise  found  in  the  kidneys  and  urine  of  those  animals  that  survived 
for  some  time,  also  in  the  lungs  and  in  those  that  lived  15  days,  in 


*  See  Cliristison  on  Poisons,  p.  372.  f  Traits  de  Toxicologic. 

X  See  Reese,  Manual  of  Toxicology,  p.  259-260  and    Woodman  k  Tidy,  Forensic 
Medicine  and  Toxicology,  p.  128-129. 
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the  bones  likewise.  Dr.  Nevins  further  states,  that  it  was  difficult 
to  detect  the  poison  in  the  muscles  and  in  the  blood,  but  it  was 
found  in  the  bones  as  late  as  the  thirty-first  day  after  discontinuing 
the  poison. 

Dr.  Richardson*  in  1866,  examined  the  tissues  of  a  dog  that  died  1 
hour  and  40  minutes  after  a  solution  containing  a  drachm  of  tartar 
emetic  had  been  injected  into  the  cellular  tissue.  The  antimony  was 
found  in  the  following  parts,  in  the  order  given  as  to  quantity ;  blood, 
vomit,  rectum,  lungs,  liver,  stomach,  bladder,  kidneys  and  small  in- 
testines. In  a  second  experiment,  a  wound  in  a  dog's  neck  was 
dressed  every  morning  with  tartar  emetic  ointment,  the  dog  dying 
at  the  end  of  the  seventh  day.  In  this  case  no  antimony  was  found 
in  the  brain,  but  it  was  found  in  larger  quantities  in  the  liver  and 
spleen  than  in  the  other  organs.  It  is  very  evident,  therefore,  that 
tartar  emetic,  and  presumably  other  salts  of  antimony  likewise,  will 
penetrate  all  the  tissues  of  the  body  and  that  at  the  same  time  the 
antimony  is  constantly  being  eliminated  by  the  kidneys.  Further 
than  this,  the  few  results  recorded  indicate  nothing  definite.  As  Dr. 
Richardson  well  says,  "the  election  of  antimony  by  different  parts  of 
the  body  is  as  yet  an  open  question ;  that  the  liver,  however,  would 
appear  to  be  the  structure  in  which  it  is  most  collected  when  the  ad- 
ministration is  slow  and  in  small  doses ;  and  that  the  elimination  of 
the  poison  is  attempted  by  all  the  secreting  surfaces."  No  positive 
statements  can  therefore  be  made  regarding  the  relative  distribution 
of  antimony,  other  than  in  a  general  way. 

Hence,  it  has  been  our  object  in  the  present  investigation  to  study 
somewhat  in  detail,  the  relative  distribution  of  antin-.onv  in  the  dif- 
ferent  tissues  of  the  body  under  varying  conditions ;  both  as  to  the  form 
of  the  poison  and  the  manner  of  its  introduction.  As  with  arsenic,  so 
with  antimony,  the  relative  proportion  of  poison  found  in  the  different 
tissues  after  death  may  become  of  considerable  medico-legal  importance, 
provided  we  have  sufficient  confirmatory  data  from  which  to  draw 
conclusions.  Particularly  is  it  of  importance  to  know  the  way  in 
-which  the  form  of  the  poison  will  influence  its  distribution.  Whether 
as  with  ai*senic,t  the  administration  of  a  soluble  and  diffusible  form  of 
the  poison  will  lead  to  a  noticeable  accumulation  in  the  brain  or  nerve 
tissue  in  general. 


^  ♦See  Woodman  k  Tidy,  p   129.     Also  Dr.  W.  B.  RichardsoD,  Abstract  in  Araer. 
Jour.  Med  Sciences,  1851,  vol.  33,  p.  266,  andB.  andF.  Med.Chirurg.  Uev.  Oct  1856. 
f  See  Amer.  Chem.  Jour.,  vol.  v,  p.  8,  also  Studies  from  the  TiUboratory  of  Phys- 
iological Chemistry,  S.S.S.  of  Yale  College,  1884-85,  p.  141. 
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1.   I'he  quantitative  estimation  of  antimony. 

There  are  many  methods  by  which  antimony  may  be  detected,  even 
when  present  in  quite  small  quantities ;  but  there  are  only  a  few  which 
yield  accurate  quantitative  results,  particularly  in  the  presence  of  or- 
ganic matter.  In  attempting  to  find  a  method  sufficiently  accurate 
for  our  purpose,  we  first  tried  the  method  recommended  by  Orfila,  of 
introducing  the  final  antimony  solution  into  the  Marsh  apparatus ; 
using  for  this  purpose  the  form  of  apparatus  and  mode  of  procedure, 
found  so  efficacious  in  the  case  of  arsenic*  In  every  trial,  however, 
there  was  a  loss  of  at  least  40  per  cent,  of  the  antimony ;  thus  in  the 
first  case,  with  an  amount  of  tartar  emetic  equivalent  to  6  milligrams 
of  metallic  antimony,  only  3*4  milligrams  of  the  metal  were  recovered, 
and  under  exactly  such  conditions  as  with  arsenic  would  lead  to  the 
recovery  of  the  entire  amount.  And  since  in  this  trial  experiment, 
the  antimony  was  introduced  directly  into  the  Marsh  apparatus,  as 
tartar  emetic  dissolved  simply  in  dilute  sulphuric  acid  and  without 
the  presence  of  any  organic  matter  to  act  as  a  hindrance,  it  follows 
that  the  loss  must  be  due  to  retention  of  a  portion  of  the  antimony 
by  the  zinc  and  platinum.  A  second  trial,  with  the  same  amount  of 
antimony  salt,  gave  a  decided  deposit  of  metallic  antimony  in  the 
heated  tube,  but  weighing  only  3*5  milligrams.  In  this  case  the  ap- 
paratus ran  for  three  hours,  but  as  before,  it  is  evident  that  only  a 
portion  of  the  antimony  was  converted  into  antimoniuretted  hydro- 
gen, the  remainder  undoubtedly  being  retained  either  by  the  plati- 
num used  lo  alloy  the  zinc,  or  by  the  zinc  itself.  The  presence  of  a 
small  amount  of  platinum  fused  in  with  the  zinc,  previous  to  its  granu- 
lation, does  not  appear  to  offer  any  obstacles  to  the  complete  evolu- 
tion of  arsenic  as  arseniuretted  hydrogen.  Numerous  results  obtained 
by  one  of  usf  testify  to  the  accuracy  of  this  statement.  Bernstein  had 
also  noticed  that  alloying  zinc  with  platinum  or  silver,  did  not  hinder 
the  complete  evolution  of  the  arsenic,  while  the  addition  of  a  little 
platinic  chloride  solution  to  the  acid  fluid  from  which  arsenic  was  be- 
ing evolved,  led  to  the  precipitation  of  even  50  per  cent,  of  the 
arsenic  present. J  This  probably  is  the  explanation  of  the  low  results 
obtained  by  Hedden  and  Sadler  in  the  estimation  of  arsenic  by  the 
Marsh  apparatus,  in  the  presence  of  platinum. §     But  with  antimony, 

*  See  Amer.  Chem.  Jour.,  vol.  ii.,  p.  235.  f  See  Amor.  Chem.  Jour.,  vol.  ii,  p.  235. 
X  See  Drageudorff,  Gerichtlieh  cheraisclie  Miltheilung  von  Giften,  p.  334,  foot  note. 
§  See  Amer.  Chem.  Jour.,  vol.  vii,  p.  342. 
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either  the  platinum  alloyed  with  the  zinc  is  sufficient  to  retain  fully 
50  per  cent,  of  the  metal,  or  as  is  very  probable,  the  zinc  itself  causes 
a  precipitation  of  a  portion  of  the  antimony.  That  this  is  a  point 
overlooked  by  most  writers  on  chemical  toxicology,  is  evident  from 
a  perusal  of  the  literature  on  the  subject. 

Whether  it  would  be  possible  to  obtain  all  of  the  antimony  as  anti- 
moniuretted  hydrogen,  in  the  absence  of  any  metal  other  than  per- 
fectly pure  zinc,  we  cannot  say.  Certainly  as  a  method  for  quantita- 
tive purposes,  it  would  be  too  tedious  a  process  to  admit  of  general 
use,  especially  where  such  small  amounts  of  antimony,  as  in  our  own 
experiments,  would  limit  galvanic  action  to  a  minimum.  That  the 
method  is  capable  of  showing  the  presence  of  very  small  amounts  of 
antimony,  is  unquestionable.  Wormley's  experiments*  are  very  de- 
cided on  this  point,  but  evidently  only  a  portion  of  the  antimony  will 
be  recovered. 

Precipitation  of  the  antimony  by  hydrogen  sulpliide  and  final  oxi- 
dation by  fuming  nitric  acid  and  weighing  as  Sb^O^,  gave  fairly  satis- 
factory results,  when  the  weight  of  antimony  was  not  less  than  10 
milligrams  of  Sb,0^.  With  smaller  amounts,  the  results  were  far  too 
high,  owing  probably  to  the  far  greater  proportional  increase  of  sul- 
phur. Attempts  to  weigh  as  sulphide,  after  fusion  of  the  first  hydro- 
gen sulphide  precipitate  with  potassium  nitrate  and  carbonate,  like- 
wise gave  too  high  results  when  the  amount  of  antimony  was  small. 
Further,  the  two  latter  methods  are  somewhat  unsatisfactory,  in  that 
when  the  amount  of  antimony  is  very  small,  the  nature  of  the  final 
products  is  such,  it  is  difficult  to  be  certain  of  the  purity  of  the  mat- 
ter weighed. 

Owing  to  this  reason  partly,  we  next  turned  our  attention  to  the 
electrolytic  method  for  the  separation  and  determination  of  antimony, 
as  in  this  case  the  appearance  of  the  metallic  mirror  is  in  itself  a  fair 
guarantee  of  the  nature  of  the  deposit,  and  its  purity  is  easily  proved- 

Alex.  Classenf  has  shown  the  accuracy  of  the  method  in  general 
quantitative  work,  where  moderate  amounts  of  antimony  are  present 
(0*15 — 0-2  grams  Sb).  In  his  experiments,  the  antimony,  in  the  lorm 
of  sulphide,  was  dissolved  in  ammonium  sulpliide  and  the  solution 
then  exposed  to  electrolytic  action.  The  ammonium  sulphide  solu- 
tion must  be  free  both  from  poly  sulphides  and  from  free  ammonia. 


*  Micro-Chemistry  of  Poisons,  p.  229. 

f  Quantitative  Analyse  durch  ElektrolyBe.    Berichto  d.  doiitsch.  chem.  Oeseli.,  xvii, 
p.  2474.     See  also  Alex.  Classen  and  Rob.  Ludvvig.  ibid.,  xviii,  p.  1 104. 
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Classen  also  found  that  antimony  was  deposited  quantitatively, 
when  the  sulphide  was  dissolved  either  in  potassium  or  sodium  mono- 
sulphide,  or  in  potassium  or  sodium  hydrosulphide.  Polysulphides 
must  also  be  absent  in  this  case,  and  the  potassium  and  sodium  must 
be  quite  free  from  both  iron  and  aluminum,  as  by  long  continued 
electrolytic  action,  sulphide  of  iron  and  aluminum  hydroxide  may  be 
deposited  upon  the  antimony.  Classen  also  recommends  the  use  of 
ammonium  sulphydrale  and  a  weak  current ;  a  strong  current  tending 
to  cause  the  separation  of  the  antimony  in  a  pulverulent  form,  not 
closely  adherent  to  the  platinum. 

As  it  would  be  necessaiy  in  our  work,  after  oxidation  of  the  or- 
ganic matter,  to  separate  the  antimony  as  sulphide,  the  above  method 
seemed  particularly  advantageous,  and  experiments  were  therefore 
tried  to  ascertain  its  value  when  applied  to  very  small  quantities. 
VVe  employed  a  battery  of  four  moderate  sized  gravity  cells,  giving  a 
weak  current,  and  as  a  rule,  exposed  the  solution  to  the  action  of  the 
current  for  at  least  15  hours,  as  we  found  better  results  were  ob- 
tained by  the  long  continued  action  of  a  weak  current,  than  by  the 
quicker  action  of  a  more  rapid  one;  particularly  in  such  solutions  as 
we  usually  had  to  work  with,  containing  considerable  excess  of  sul- 
phur and  some  organic  matter.  The  negative  pole  of  the  battery  was 
either  a  small  platinum  crucible  or  a  platinum  dish,  while  the  posi- 
tive pole  was  a  large  piece  of  platinum  foil  welded  onto  a  good  sized 
platinum  wire.  The  deposition  of  the  antimony  was  much  more 
complete,  more  tightly  adherent  to  the  platinum,  and  as  a  rule  less 
mixed  with  sulphur  under  this  arrangement,  than  when  the  dish  was 
made  to  serve  as  the  positive  pole ;  due,  doubtless,  simply  to  the 
broader  surface  for  the  deposition  of  the  metal. 

Using  ammonium  sulphide  as  a  solvent  for  the  antimony  sulphide, 
did  not  give  us  very  good  results  by  electrolysis,  the  loss  being  con- 
siderable. Much  better  results  were  obtained  by  using  a  solution  of 
sodium  inonosulphide,  made  by  saturating  one-half  of  a  15  per  cent. 
solution  of  sodium  hydroxide  with  hydrogen  sulphide,  and  then  add- 
ing the  remaining  half  of  the  sodium  hydroxide  solution. 

The  method  was  tested  by  precipitating  definite  volumes  of  a 
standard  antimony  (tartar  emetic)  solution  with  hydrogen  sulphide, 
dissolving  the  metallic  sulphide  in  the  sodium  monosulphide  and  then 
exposing  the  solutions  to  electrolytic  action.  When  the  separation  of 
the  metal  was  complete,  it  was  found  best  to  wash  the  deposit  with 
considerable  water,  without  breaking  the  current;  as  sometimes,  as  in 
the  [iresence  of  tartaric  acid,  the  separated  metal  rapidly  dissolved 
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on  discontinuing  the  current.  The  antimony  was  then  finally  washed 
with  alcohol,  any  adherent  sulphur  lightly  brushed  off  and  the  dish 
dried  and  weighed. 

Following  are  some  of  the  preliminary  results  obtained  : 


Standard  Sb 

Theoretical 

Ani't  Sb 

Duration 

Solution. 

Am't  Sb. 

found. 

of  Electrolysis. 

60  CO. 

00375  gram. 

00875  gram. 

16  hours. 

10 

00075 

0-0077 

18 

10 

00075 

0-0075 

24 

10 

00075 

0-0078 

18 

10 

0-0075 

0-0074 

8 

2 

00015 

0-0012 

10 

1 

0-00075 

0-0008 

3 

These  results  showed  the  method  to  be  perfectly  satisfactory  for 
our  purposes,  and  we,  therefore,  next  tried  the  separation  of  small 
amounts  of  antimony  from  organic  matter,  and  its  final  recovery  by 
the  above  method. 

As  there  was  no  doubt  that  large  amounts  of  antimony  could  be 
satisfactorily  recovered  from  organic  matter,  our  experiments  were 
confined  mainly  to  very  small  quantities.  In  each  experiment,  100 
grams  of  either  liver  or  beef  were  finely  divided  and  to  the  so-pre- 
pared tissue,  a  few  cubic  centimetres  of  the  standard  antimony  solu- 
tion were  added  and  the  mixture  thoroughly  ox\d\ze^  with  hydrochlo- 
ric acid  and  potassium  chlorate.  After  removal  of  all  free  chlorine 
from  the  filtered  fluid,  by  careful  heating,  the  antimony  was  precipi- 
tated by  hydrogen  sulphide.  This  precipitate,  which  naturally  con- 
tained, in  addition  to  the  sulphide  of  antimony,  considerable  sulphur 
and  some  organic  matter,  was  then  treated  as  follows :  While  still 
moist,  after  being  freed  from  all  hydrochloric  acid  by  thorough  wash- 
ing, it  was  dissolved  in  the  cold  sodium  monosulphide  solution  and 
then  directly  subjected  to  electrolysis.  At  first,  we  thought  it  nec- 
essary to  free  the  precipitate  from  its  excess  of  sulphur  and  organic 
matter  by  solution  in  ammonium  sulphide,  evaporation,  fusion  with 
potassium  carbonate  and  nitrate,  etc.,  obtaining  it  finally  in  the  form 
of  sulphide  again,  free  from  its  former  impurities.  This,  however, 
we  found  to  be  unnecessary;  in  fact  the  loss  was  far  greater  than  the 
gain.  Provided  the  oxidation  with  potassium  chlorate  be  a  thorough 
one  and  the  free  chlorine  entirely  removed  from  the  solution,  the 
first  hydrogen  sulphide  precipitate  is  well  adapted  for  electrolysis 
directly.  It  was  found  best,  however,  to  keep  the  solution  on  the 
battery  until  all  of  the  sulphur  and  organic  matter  was  oxidized; 
that  is  until  the  reaction  of  the  fluid  had  become  acid.     This  took, 
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many  times,  30  to  40  hours  with  our  slow  current.  A  more  rapid 
current,  would,  to  be  sure,  brina:  about  a  change  in  reaction  much 
more  quickly,  but  occasionally  under  such  conditions  the  antimony 
would  be  less  closely  adherent  and  loss  occur.  Then  again  as  the 
sulphur  present  was  gradually  changed  into  sulphuric  acid,  the  final, 
strongly  acid-reacting  fluid,  became  a  good  conductor  and  so  at  the 
last,  even  with  our  four  cells,  electrolytic  action  was  quite  strong. 
In  washing  the  deposited  antimony,  the  acid  fluid  was  syphoned  out 
and  water  continuously  added,  without  breaking  the  current,  until 
the  original  fluid  was  entirely  removed. 

Following  are  a  few  of  the  results  obtained,  the  antimony  being 
added  to  100  grams  of  tissue  in  each  case. 


Standard  Sb 

Theoretical 

Am't  Sb 

Duration 

Solution. 

Am't  Sb. 

found. 

of  electrolysis. 

10  c.  c. 

00075  gram. 

00075  gram. 

24  hours. 

10 

0-0075 

0-0072 

48 

10 

0-0075 

0-0069 

86 

10 

0-0075 

0-0074 

24 

10 

0-0075 

0-0064 

20 

5 

00037 

0-0028 

18 

The  results  are  certainly  not  all  as  close  as  those  obtained  in  the 
absence  of  organic  matter,  but  are  perhaps  as  satisfactory  as  could  be 
expected  under  the  conditions  of  the  experiment,  viz:  a  large  pro- 
portional amount  of  tissue  (100  grams),  a  very  small  amount  of 
metal  and  a  large  volume  (say  500  c.c.)  of  fluid  to  precipitate  ^rom, 
with  hydrogen  sulphide.  Even  under  the  most  unfavorable  condi- 
tions, at  least  76-80  per  cent,  of  the  antimony  introduced  into  the  or- 
ganic matter  was  recovered. 

We  next  turned  our  attention  to  the  obtaining  of  some  convenient 
and  quick  method  for  the  direct  determination  of  antimony  in  urine, 
or  other  like  organic  fluid.  Preliminary  experiments  showed  us  that 
antimony,  in  ihe  form  of  tartar  emetic,  could  be  separated  completely 
from  a  tartanc  acid  solution  by  electrolysis.  The  separation  takes 
])lace  ra]»idly,  but  care  must  be  taken  to  remove  all  of  the  tartaric 
acid  solution  by  displacement  with  water,  before  breaking  the  cur- 
rent, otherwise  the  deposited  antimony  will  instantly  dissolve.  Trial 
tests  repeatedly  gave  results  in  close  accord  with  theory.  Excess  of 
sodium  tartrate,  however,  appeared  to  interfere  somewhat  with  sep- 
aration of  the  antimony ;  while  the  presence  of  sodium  chloride  in 
the  presence  of  an  excess  of  tartaric  acid,  prevented  entirely  the 
separation  of  the  antimony.  From  a  sulphuric  acid  solution,  how- 
ever, antimony  was  also  deposited  quantitatively,  and  on  applying 
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this  method  to  antimoniacal  urine,  we  found  it  possible  to  recover  the 
antimony  without  loss.  The  following  results  testify  to  the  accuracy 
of  the  method : 

In  each  experiment  25  c.c.  of  normal  urine  were  employed,  to  which 
was  added  a  number  of  cubic  centimetres  of  the  standard  antimony 
solution  and  then  1  c.c.  of  pure  dilute  sulphuric  acid,  after  which  the 
solution  was  connected  with  the  battery. 


Standard  Sb 

Solution  in 

Theoretical 

Amount  Sb 

Duration  of 

26  c.  c.  urine. 

amount  Sb. 

found. 

electrolysis. 

10  0.  c. 

0-0075  gram. 

0  0075 

gram. 

48  hours. 

10    ** 

0-0075 

0-0074 

24 

10    " 

0-0075 

0-0074 

20 

5    " 

0-00875 

0-0088 

18 

5    ** 

0-00375 

0-0037 

18 

5    *• 

0-00375 

0-0086 

15 

3    - 

000225 

0-0024 

10 

3    ** 

0-0015 

0-0018 

20 

2    " 

0-0015 

0-0016 

18 

1    " 

0-00075 

0-0008 

16 

Doubtless  all  of  these  results  could  have  been  obtained  equally  as 
well  in  a  very  much  shorter  time,  but  most  of  the  solutions  were  con- 
nected with  the  battery  at  night  and  allowed  to  run  until  morning, 
or  whenever  convenient.  The  method  is  evidently  very  accurate 
when  applied  in  this  manner,  and  we  have  made  use  of  it  very  satis- 
factorily, even  with  160  c.  c.  of  urine,  using  in  this  case  a  platinum 
dish  of  200  c.  c.  capacity  as  the  negative  electrode. 

2.  Relative  distribution  of  absorbed  antimony* 

As  already  stated,  the  object  sought  in  the  following  experiments 
was  to  ascertain  the  relative  distribution  of  antimony  under  varying 
conditions ;  particularly,  variations  in  the  form  of  the  poison,  as  its 
solubility  or  insolubility ;  in  the  method  of  introduction,  as  per 
mouth,  rectum  or  sub-cutaneously ;  and  lastly  in  the  length  of  time 
during  which  the  poison  is  being  taken,  whether  in  one  large  dose  or 
in  many  small  ones  frequently  repeated.  All  of  these  points  we  have 
endeavored  to  cover  in  the  experiments  about  to  be  described. 

EXPEBIMBNT   L 

hypodermic  injection  of  a  solution  of  tartar  emetic, 

0*120  gram  of  tartar  emetic,  dissolved  in  a  little  water,  was  intro- 
duced under  the  skin  (right  thigh)  of  a  cat  weighing  1262  grams. 

T&AKS.  COMH.   AOAD.,  VOL.   VII.  36  Nov.,   1886. 
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8:10  p.  m.,  solution  injected. 

8:16  **  vomited  copiously. 

8:20  ''  '*        again,  simply  mucus. 

8:23  "  "        mucus  and  bile. 

8:38  "  **        and  purged. 

3:45  **  partially  paralyzed. 

8:54  **  vomited  again. 

4:80  *'  much  prostrated. 

5:10  "  dead. 

The  various  organs  were  then  separated  and  the  absorbed  antimony 

determined,  according  to  the  method  already  indicated.     Following 

are  the  results : 

Sh  per  100 
Total  weight,       Weight  of  8b,  grams  of  tissue, 
grams.  milligrams.         milligrams. 

Liver 52-0  685  1221 

Brain 27-5  060  2-18 

Heart  and  lungs 32-0  0*70  2-18 

Kidneys 120  015  125 

Stomach  and  intestines 74*0  0*80  1-08 

Muscle  from  back 1880  1-25  0*90 

885-5  9-85 

These  figures  show  the  greatest  absorption  by  the  liver;  the  brain 
stands  next,  while  the  muscle  tissue  appears  to  have  absorbed  bat  a 
relatively  small  amount  of  the  antimony.  In  this  connection  it  must 
be  remembered  that  two  hours  only,  intervened  between  the  intro- 
duction of  the  poison  and  the  death  of  the  animal,  hence  it  is  evident 
that  the  brain  tissue  must  have  a  decided  tendency  to  hold  absorbed 
antimony.  The  antimony,  however,  was  introduced  in  the  form  of  a 
readily  soluble  salt  and  under  conditions  directly  favoring  rapid  and 
wide-spread  distribution.  That  there  is  certainly  some  decided  selec- 
tive action,  is  evident  from  the  fact  that  the  muscle  tissue,  which 
must  truly  have  had  as  good  an  opportunity  as  the  brain  tissue, 
retained  per  100  grams  of  substance  far  less  of  the  poison.  Elimin- 
ation had  evidently  commenced,  for  the  kidneys  contained  a  decided 
amount  of  antimony. 

Experiment  II. 

Hypodermic  mjection  of  a  solution  of  tartar  emetic. 

In  this  experiment,  a  smaller  amount  of  tartar  emetic  was  used 
than  in  the  preceding;  and  further,  the  poison  was  introduced  in 
three  distinct  doses,  thus  allowing  longer  time  for  absorption.  In 
fact,  the  animal  lived  22  hours  after  the  fii-st  dose,  hence  the  expcri- 
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ment  stands  in  striking  contrast  to  No.  1,  in  which  the  animal  lived 
but  two  hours;  while  the  results,  contrasted  with  the  preceding, 
show  plainly  the  influence  of  time  on  the  distribution  of  the  poison. 
Following  are  the  results  of  the  experiment  on  a  rabbit  weighing 
1295  grams. 

Mar.  31,  at  5:20  p.m.,  injected  under  the  skin  of  leg,  0*012  grm.  tartar  emetic. 
April  1,  «*   8:45a.m.,  **  "  0-085 

April  1,  **  12:45 p.m.,  "  "  0085 


Total,  0-082 

Animal  died  at  8:05  p.  m. 

Following  is  the  distribution  of  the  antimony: 

Sb  per  100 
Total  weight,     Weight  of  Sb,    grams  of  tissue, 
grams.  milligrams.        milligrams. 

Kidneys 11-5  000  521 

Liver 630  1-50  2-38 

Brain 9-0  020  2-22 

Stomach  and  intestines 980  2-00  204 

Heart  and  lungs 170  0-25  147 

Muscle  from  back 1060  070  066 

804-5  5-25 

As  might  naturally  be  expected,  the  results  indicate  a  more 
even  distribution  of  the  poison  than  in  the  preceding  experiment. 
Although  two-thirds  as  much  antimony  was  used  as  in  experiment 
No.  1,  the  liver  contains  a  far  smaller  proportional  amount  of  the 
poison  than  in  the  preceding  experiment,  while  the  kidneys  stand 
first  in  their  content  of  antimony.  Between  the  brain  and  the  liver, 
there  is  but  little  difference  and  the  experiment  plainly  substantiates 
the  preceding  in  showing  the  tendency  of  brain  tissue,  under  these 
conditions,  to  absorb  and  retain  antimony.  In  the  muscle  tissue  the 
percentage  of  absorbed  antimony  is  almost  exactly  the  same  as  in 
No.  1,  that  is,  proportional  to  the  amount  of  antimony  introduced. 
The  animal  had  evidently  lived  long  enough  to  admit  of  a  fairly 
complete  distribution  of  the  poison,  and  elimination  having  been 
going  on  for  some  time,  those  parts  which  had  originally  contained 
the  most,  particularly  the  liver,  had  been  drawn  on  to  the  greatest 
extent;  so  that  at  the  time  death  intervened,  the  excretory  organs, 
notably  the  kidneys,  were  the  richest  in  poison.  This  fact  further 
indicates  that  the  elimination  of  absorbed  antimony  proceeds  some- 
what rapidly. 
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Experiment  III. 
Hypodermic  injection  of  a  solution  of  tartar  emetic. 

In  this  experiment,  a  cat  weighing  1613  grams,  had  injected  under 
the  skin  of  its  hind  leg  0*150  gram  of  tartar  emetic  in  one  dose. 
There  was  some  purging  and  vomiting,  and  the  animal  died  in  4^ 
hours  after  the  administration  of  the  poison.  The  object  sought  in 
this  experiment,  which  is  virtually  a  repetition  of  No.  1,  with  a  some- 
what larger  dose  of  antimony,  was  simply  to  see  whether  there 
would  be  found  the  same  relative  absorption  of  antimony  by  the 
liver  and  kidney  as  in  No.  1,  and  if  by  chance  there  should  occur  a 
longer  interval  of  time  between  the  introduction  of  the  poison  and 
death,  what  then  would  be  the  relative  amounts  of  antimony  in  the 
two  organs.  As  stated  above,  the  animal  lived  4J  hours  after  the 
administration  of  the  poison,  or  2\  longer  than  the  cat  in  No.  1. 
Following  are  the  results  of  the  analysis  of  the  two  organs  : 

Sb  per  100 
Total  weight,      Weight  of  Sb,    grams  of  tissue, 
grams.  milligrams.         milligrams. 

Liver _ 62-0  250  403 

Kidneys 14*5  0-25  1-72 

These  confirm  to  a  certain  extent  the  results  of  No,  1,  while  at  the 
same  time  the  smaller  difference  between  the  amount  of  antimony 
contained  in  the  liver  and  kidneys,  as  compared  with  the  difference 
found  at  the  end  of  two  hours  (see  experiment  I),  would  seem  to 
indicate  that  the  liver  had  already  absorbed  its  maximum  amount, 
and  that  at  the  time  of  death,  elimination  was  well  under  way ;  or  in 
other  words,  that  the  removal  of  the  absorbed  antimony  from  the 
liver  had  already  commenced. 

Experiment  IV. 

(a.)  Hypodermic  injection  of  a  solution  of  tartar  emetic, 
(h,)  Injection  of  a  solution  of  tartar  emetic  per  rectum. 

These  two  experiments  were  undertaken  to  ascertain  whether  the 
avenue  by  which  the  poison  was  introduced,  would  influence  materi- 
ally the  relative  absorption  of  the  antimony.  The  results,  however, 
although  interesting,  do  not  definitely  answer  the  question.  Absorp- 
tion by  injection  per  rectum  is  so  much  slower  than  by  hypodermic 
injection,  or  the  effects  produced  are  so  much  slower  in  manifest- 
ing themselves,  that  it  is  impossible  to  have  the  conditions  exactly 
alike  in  the  two  cases.     Either  the  time  required  to  produce  a  given 
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eflfect,  in  the  case  of  injection  per  rectum,  will  be  longer  than  by 
hypodermic  injection,  or  else  the  amount  of  poison  must  be  corre- 
spondingly increased ;  either  of  which  introduces  an  objectionable 
element  into  the  experiment. 

(a.)  Rabbit  weighing  1485  grams  had  injected  under  its  skin  0*80 
gram  of  tartar  emetic  dissolved  in  a  little  water.  Injection  made  at 
11:35  a.  m.  At  3:45  p.  m.,  4  hours  and  10  minutes  after  the  6rst 
injection,  0*08  gram  more  was  injected  in  the  same  manner.  At  4:05 
p.  m.  the  animal  died. 

{b,)  Rabbit  weighing  1612  grams  had  injected  per  rectum  0*08 
gram  of  tartar  emetic  dissolved  in  a  little  water.  Injection  made  at 
11:45  a.  m.  At  3:50  p.  m.  the  animal  apparently  not  being  affected 
at  all,  whereas  rabbit  (a)  was  strongly  under  the  influence  of  the 
poison,  0*160  gram  more  of  the  salt  was  injected  per  rectum  as 
before.  At  5:30  p.  m.  the  animal  was  still  alive,  but  evidently  feel- 
ing the  eifect  of  the  poison.     The  animal  died  during  the  night. 

Following  are  the  results  of  the  analysis  of  the  parts  from  the  two 
rabbits : 

Rabbit  (a)  hypodermic  injection. 

Total  weight, 
grams. 

Kidneys 10-2 

Brain 5-5 

Liver 54*0 

Heart  and  lungs 15*5 

Stomach  and  intestines 174-0 

Muscle 1100 

869-2  4-55 

Rabbit  (b)  injection  per  rectum. 

Sb  per  100 
Total  weight,     Weight  of  Sb,  grams  of  tissue, 
grams.  milligrams.         milligrams. 

Stomach  and  small  intestines. . .  172 

Brain 9 

Rectum  and  adjoining  intestine.  18 

Liver 54 

Kidneys 18 

Muscle 100 

Urine 20 

Heart  and  lungs 17 

408  12-99 


Weight  of  Sb, 
milligrams. 

Sbper  100 
grams  of  tisssue, 
milligrams. 

0-65 

6-34 

0-20 

3-63 

1-30 

2-40 

0-30 

1-98 

1-60 

0-92 

0-50 

0-45 

8-89 

15-80 

0-40 

4-40 

0-55 

3-05 

1-60 

2-96 

0-25 

1-92 

MO 

1-11 

0-20 

1-10 

trace 
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Comparing  first,  the  results  obtained  from  rabbit  (a)  with  those 
of  the  three  preceding  experiments,  we  see  at  once  that  the  distribu- 
tion of  the  antimony  is  much  the  same  as  in  No.  2,  in  which,  how- 
ever, the  animal  lived  nearly  22  hours  after  the  introduction  of  the 
first  dose  of  poisoif  and  somewhat  over  two  hours  after  the  last. 
The  fatal  dose,  moreover,  in  this  case  was  nearly  the  same  in  amount 
as  the  first  dose  in  experiment  IV  a. 

The  conditions,  however,  of  this  experiment  (IV  a)  do  not  exactly 
accord  with  any  of  the  preceding,  hence  close  comparisons  cannot 
well  be  made.  The  brain,  as  in  all  of  the  experiments  with  tartar 
emetic,  contains  a  proportionally  large  amount  of  antimony,  while 
the  muscle  contains  a  very  small  amount.  The  only  thing  in  this 
experiment  not  exactly  in  accord  with  the  preceding  experiments,  is 
the  proportionally  large  amount  of  poison  in  the  kidneys,  as  com- 
pared with  the  liver.  The  only  apparent  explanation  seems  to  be 
that,  the  fii*8t  dose  being  small,  the  liver  had  quickly  reached  its 
maximum  absorption  and  elimination  had  been  rapidly  going  on;  so 
that  at  the  end  of  the  four  hours  intervening  between  the  first  and 
second  doses  of  the  poison,  the  kidneys  had  drawn  extensively  from 
the  liver,  rapidly  diminishing  its  content  of  the  poison.  Further, 
after  the  second  dose  of  poison,  the  time  before  death  was  so  short 
that  the  additional  absorption  by  the  liver  was  not  sufficient  to  make 
up  the  deficiency,  and  hence  the  results  found.  In  this  connection,  it 
must  be  remembered  that  tartar  emetic  is  very  readily  soluble  and 
diffusible,  and  that  being  injected  in  solution  directly  under  the  skin, 
its  absorption  must  necessarily  be  very  complete  and  rapid. 

In  Kabbit  (h)  the  conditions  are  wholly  different  from  those  of  the 
preceding  experiments.  In  all,  0''24  gram  of  tartar  emetic,  dissolved 
in  water  was  introduced  into  the  rectum  and  8-10  houi*s,  at  least, 
must  have  intervened  between  the  administration  of  the  first  dose  of 
the  poison  and  death.  That  the  stomach  and  small  intestines  should 
contain  the  largest  proportional  amount  of  antimony  is  perhaps  not 
at  all  strange,  since  the  antimony  solution  would  naturally  pass 
rapidly  by  osmosis  through  the  entire  alimentary  tract.  That  this, 
however,  is  not  the  full  explanation,  is  evident,  when  we  compare 
the  amount  found  in  the  large  intestine  with  the  former.  If  due 
simply  to  osmosis,  the  percentage  amount  of  antimony  would  be 
about  the  same  all  through  the  intestines ;  hence  we  must  look  to 
some  selective  action  for  explanation  of  the  increased  amount  found 
in  the  small  intestines.  In  all  of  the  preceding  experiments,  the 
amount  of  antimony  found  in  the  stomach  and  intestines  has  been 
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considerably  greater  than  in  ilie  muscle  tissue.  Undoubtedly,  the 
greater  vascularity  of  the  former  has  much  to  do  with  its  greater 
content  of  the  metal,  but  even  this  is  not  sufficient  to  account  for  all 
of  the  antimony  fotind ;  for  whenever  blood  itself  has  been  analyzed, 
the  amount  of  antimony  has  not  been  large.  Unquestionably  then, 
we  must  assume  special  absorptive  action  on  the  part  of  the  epi- 
thelial cells  of  the  stomach  and  small  intestines.  In  this  connection 
it  is  well  to  notice  the  work  of  Brinton,  who  proved  that  when 
tartar  emetic  was  injected  into  the  vein  of  an  animal,  it  was  very 
freely  and  rapidly  eliminated  by  the  stomach.  This  was  also  cor- 
roborated by  Dr.  Richardson  who,  in  addition,  found  that  a  simi- 
lar elimination  followed  the  inhalation  of  antimoniuretted  hydro- 
gen.* In  addition,  it  may  be  that  absorption  of  antimony  from 
the  alimentary  tract  goes  on  slowly  and  that  hence  only  a  por- 
tion was  removed.  This  idea  has  considerable  to  support  it, 
when  we  consider  the  distribution  of  the  absorbed  antimony. 
Remembering  that  in  this  experiment,  a  larger  amount  of  anti- 
mony was  used  than  in  any  of  the  preceding  ones,  and  that  there 
was  apparently  ample  time  for  absorption,  one  cannot  help  but  think 
that  the  content  of  antimony  in  the  remaining  tissues  and  organs  is 
very  small.  This  is  very  evident,  and  must  be  due  to  one  of  two 
causes ;  either  there  has  been  a  lack  of  absorption  or  else  elimination 
has  been  going  on  very  rapidly.  The  brain  contains  a  noticeable 
amount  of  antimony,  larger  than  found  in  any  preceding  case,  while 
the  liver  and  kidneys  both  contain  a  comparatively  small  amount. 
The  amount  of  antimony  in  the  kidneys  and  particularly  the  amount 
in  the  urine,  plainly  indicates  that  elimination  was  going  on  rapidly; 
but  the  fact  that  the  percentage  content  of  antimony  in  the  liver  is 
greater  than  in  the  kidneys,  would  perhaps  indicate  that  at  the  time 
of  death,  absorption  was  not  completed.  Such  being  the  case,  the 
only  inference  to  be  drawn  from  the  two  preceding  experiments,  is 
that  the  introduction  of  tartar  emetic  into  the  rectum  leads  simply 
to  a  much  slower  absorption  and  distribution  of  the  antimony  than 
by  hypodermic  injection,  but  that  there  is  no  essential  difference  in 
the  relative  distribution  of  the  poison  under  these  two  conditions. 

•  Quoted  by  H.  C.  Wood,  Therapeutics,  p.  159. 
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EXPBBIMENT  V. 

-  (a.)    Tartar  emetic  in  substance^  introduced  into  the  stomach. 
{h.)   Antimonioiis  oxide  (Sb,OJ  introduced  into  the  stomach. 

In  this  experiment  there  were  two  objects  in  view ;  one  was  to  see 
the  effect  of  tartar  emetic  in  substance,  as  compared  with  the  action 
of  the  same  salt  introduced  into  the  system  by  hypodermic  injection 
or  per  rectum ;  the  second,  to  compare  the  absorption  of  an  insoluble 
compound  of  antimony  (Sb,0,)  with  that  of  the  more  soluble  tartrate. 

In  this  experiment  two  dogs  were  used  and  the  poison  was  fed  to 
them  at  regular  intervals,  in  small  doses,  for  a  period,  in  each  case,  of 
17  days.  The  animals  were  then  killed  and  the  various  parts  anal- 
yzed. The  two  experiments  were  exactly  alike  in  every  respect, 
except  in  the  amount  of  poison  administered. 

(a.)  Dog  weighing  7*75  kilos  was  fed  0*762  gram  of  tartar  emetic 
during  a  period  of  17  days,  in  two  or  three  doses  daily,  the  individ- 
ual doses  being  small  enough  not  to  induce  vomiting.  The  first  two 
days,  the  dose  was  0016  gram  per  day,  the  third  0*020  gram,  the 
fourth  0*030  gram  and  so  on,  increasing  each  day  until  the  last  daily 
dose  was  0*085  gram  of  the  poison.  The  dog  was  then  killed  by 
chloroform,  just  six  hours  after  the  last  do8e  of  poison  was  adminis- 
tered. 

(b.)  Dog  weighing  14*2  kilos  was  fed  2*073  grams  of  antimonious 
oxide,  during  a  period  of  17  days,  in  two  daily  doses  of  from  0*032 
to  0*125  gram  per  day.  The  dog  was  then  killed  by  chloroform,  18 
hours  after  the  last  dose  of  antimony  was  given. 

Following  are  the  results  of  the  analysis  of  the  various  parts : 

Dog  {a)  with  tartar  emetic — (0*762  gram). 

Sb  per  100 
Total  weight,     Weight  of  Sb,    grams  of  tissue, 
grams.  milligrams.  milligrams. 

Liver 804  17-80  5-85 

Salivary  glands 11  0-25  2*27 

Kidneys 58  1*25  2-15 

Brain 76  1*15  1*51 

Tongue 86  0*40  Ml 

Muscle  (thigh) 150  1*60  1-06 

Spleen - 19  0*15  0-80 

Heart 77  0*50  0*66 

Lung 140  0-50  0*86 

Bone  (femur  and  tibia) 43  0-10  0*28 

Blood 130  0-20  0-15 

Testes - 12  trace 

Pancreas 23  trace 

1079  24*05 
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Doo  (b)  with  antimoniotM  oxide — (2*073  grams). 

Sb  per  100 
Total  weight,     Weijfht  of  Sb,    grams  of  tissue, 
grams.  milligrams.         milligrams. 

Liver 462  28-70  6-24 

Lungs 140  1-80  1-28 

Muscle  (fore  leg) 157  1-20  0-76 

Brain 79  040  0*50 

Muscle  (thigh) 200  090  045 

Kidneys 82  0-10  0-12 

Heart 117  trcuie 

Blood 440  trace 

1667  28-10 

In  conRidering  these  results,  we  notice  first  that  in  dog  (a)  the  dis- 
trihution  of  the  poison  is  much  the  same  as  in  the  preceding  experi- 
ments with  tartar  emetic,  viz :  the  liver,  kidneys  and  hrain  stand 
first  in  their  content  of  antimony.  That  the  liver  should  contain 
more  per  100  grams  than  the  kidneys,  although  the  animal  lived  full 
eight  hours  after  the  last  dose  of  poison  was  taken,  is  here  to  be 
expected,  since  absorption  as  a  whole  would  naturally  be  slower 
than  in  some  of  the  preceding  experiments;  and,  further,  in  this  case 
probably  all  of  the  antimony  would  be  absorbed  through  the  portal 
circulation.  In  the  case  of  dog  (^),  the  conditions  are  different  from 
any  heretofore ;  we  have  here  an  insoluble  form  of  antimony  con- 
trasted with  a  readily  soluble  and  diffusible  salt.  Solution  must 
necessarily  be  somewhat  slow  in  this  case,  but  the  acid  juices  of  the 
stomach  unquestionably  do  dissolve  and  render  diffusible,  at  least  a 
portion  of,  this  form  of  the  poison. 

We  notice  first  that  the  total  amount  of  antimony  administered,  is 
fully  three  times  as  much  as  the  amount  of  tartar  emetic  given,  and 
yet  the  amount  of  antimony  recovered  from  the  different  tissues  and 
organs  is  but  4  milligrams  more  than  in  the  case  of  tartar  emetic. 
This  suggests  that  either  considerable  antimony  is  excreted  by  the 
kidneys  (more  than  in  the  case  of  tartar  emetic)  or  else  that  consid- 
erable passes  through  the  alimentary  tract  unabsorbed.  The  dog 
being  confined  in  a  cage  of  suitable  construction,  the  24  hours'  urine 
was  collected  on  several  occasions  and  the  amount  of  antimony  deter- 
mined. Thus  on  one  day,  when  0-097  gram  of  antimonious  oxide  had 
been  administered,  following  after  a  daily  dose  of  0-064  gram,  the  24 
hours'  urine  contained  13*6  milligrams  of  antimony  (Sb).  Later,  at  a 
time  when  the  daily  dose  was  0-130  gram  of  the  oxide,  the  24  hours' 
urine  contained  22*6  milligrams  of  antimony.  Hence  it  is  plain  that 
Trans.  Conn.  Acad.,  Vol.  Vn.  37  Nov.,  1886. 
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considerable  of  the  antimony  given  was  being  absorbed ;  bat  bearing 
in  mind  that  this  latter  amount  was  the  largest  excreted  by  the  kid- 
neys in  any  one  day,  and  further  that  the  daily  dose  of  antimony  was 
being  increased  each  day  rather  than  diminished,  it  is  also  plainly  evi- 
dent from  the  amount  of  absorbed  antimony  found,  that  a  certain  por- 
tion must  pass  through  the  alimentary  canal  unabsorbed.  Farther,  the 
small  amount  of  antimony  found  in  the  kidneys  supplements  this 
view,  as  does  also  the  noticeably  small  amount  of  absorbed  antimony 
found  throughout  the  body,  aside  from  the  liver. 

One  of  the  main  objects  in  trying  this  last  experiment  was  to  see 
what  influence  the  form  of  the  poison  would  have  on  its  absorption 
by  the  brain.  With  arsenic,  it  has  been  plainly  demonstrated  by 
one  of  us,*  as  well  as  by  other  workers  in  this  field,  that  soluble  and 
readily  diffusible  forms  of  arsenic  are  absorbed  by  the  brain  in 
appreciable  quantities,  while  arsenious  oxide  for  example,  no  matter 
whether  taken  in  large  or  small  doses,  single  or  oft-repeated,  is  never 
found  in  the  brain  other  than  in  mere  traces.  With  antimony  we 
had  expected  to  see  something  of  the  same  kind.  The  results,  how- 
ever, although  tending  in  that  direction,  are  not  quite  as  decisive  as 
we  should  have  liked.  The  antimony  found  in  the  brain  in  the  anti- 
monious  oxide  case  is,  to  be  sure,  considerably  smaller  in  amount  than 
that  found  in  (a),  although  the  dose  of  antimony  given  in  the  former 
was  much  larger  than  in  the  latter  case.  But  it  is  also  to  be  seen  in 
the  antinionious  oxide  case,  that  the  amount  of  absorbed  antimony  in 
the  brain,  although  very  small,  is  still  greater  than  the  amount  found 
in  the  kidneys  or  muscle. 

We  attempted  another  experiment  in  the  same  direction  with  rab- 
bits, but  as  the  amounts  of  antimony  found  in  the  brain  in  both  ani- 
mals were  hardly  more  than  mere  traces,  the  results  do  not  give  us 
any  additional  light  on  the  matter.  In  spite  of  the  fact  that  the 
experiment  was  a  failure,  so  far  as  its  main  object  was  concerned,  we 
venture  to  describe  it,  since  it  well  illustrates  in  other  respects,  the 
greater  virulence  and  diffusibility  of  tartar  emetic.  Two  rabbits  of 
nearly  equal  weight  were  selected,  and  to  one  potassium  antimony 
tartrate  was  fed  in  gradually  increasing  doses  for  a  period  of  17 
days,  at  the  end  of  which  time  the  animal  died  with  all  the  symp- 
toms of  antimoniacal  poisoning.  To  the  other  rabbit,  antimonioas 
oxide  was  fed  for  the  same  period  of  time,  in  doses  the  same  as  given 
to  the  first  rabbit;  that  is,  doses  equivalent  to  the  antimony  (Sb) 
contained   in  the   tartar   emetic.     Each    rabbit,   therefore,    received 

♦  See  Studios  from  this  Laboratory,  vol.  i,  for  the  year  1884-86,  p.  141. 
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twice  a  da}*,  the  same  equivalent  of  antimony,  and  at  the  end  of  the 
17  days  the  one  rabbit  had  taken  2*34  grams  of  tartar  emetic,  the 
other  1*08  grams  of  antimonious  oxide.  While  each  rabbit  had 
taken  the  same  amount  of  antimony,  the  one  which  had  taken  it  in 
the  form  of  potassium  antimony  tartrate  was  much  more  severely 
affected  by  the  poison.  In  this  case  there  was  severe  purging  and 
finally  death  on  the  1 7th  day.  In  the  case  of  the  rabbit  fed  with 
antimonious  oxide,  the  only  apparent  effect  of  the  poison  was  a  loss 
of  appetite  and  great  thirst.  This  animal  was  killed  with  chloro- 
form on  the  death  of  the  first  rabbit.  Both  forms  of  antimony  were 
administered  as  powders,  by  way  of  the  mouth,  in  small  gelatin 
capsules. 

Following  are  the  results  of  the  analysis  of  the  various  parts 
from  the  two  rabbits : 

Rabbit  (a)  fed  with  tartar  emetic. 

Sbper  100 
Totil  weight,     Weijfht  of  Sb,  grams  ot  tissue, 
grams.  milligrams.        milligrams. 

Liver 500  48  960 

Kidneys 6-7  0-5  7-40 

Heart  and  lungs 18-0  0-4  222 

Muscle  from  back 550  0-5  0-91 

Muscle  from  legs 79-0  0-3  0-88 

Brain. 7*7  tr(ice 

216-4  6-5 

Rabbit  (b)  fed  with  antimonious  oxide. 

Sb  per  100 
Total  weight.     Weight  of  Sb,   grams  of  tissue, 
grams.  milligrams.        milligrams. 

Liver 570  18  2*28 

Muscle  from  back 770  07  0-90 

Muscle  from  legs 100-0  0-7  0*70 

Kidneys 8*0  trance 

Heart  and  lungs 16-0  trace 

Brain 8*5  trace 

266-5  2-7 

Looking  at  these  results  and  remembering  that  each  animal  re- 
ceived the  same  amount  of  metallic  antimony,  it  is  evident  that 
tartar  emetic  is  much  more  completely  absorbed  than  the  oxide. 
With  tartar  emetic,  however,  the  results  are  not  exactly  in  accord 
with  the  pi*evious  ones,  obtained  with  this  salt ;  thus  the  amount  of 
antimony  absorbed  by  the  brain  is  far  smaller  proportionally  than 
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found  hitherto.  To  be  sare,  the  compound  was  not  io  the  previous 
experiments  introduced  into  the  stomach  of  a  rabbit  in  the  form  of 
powder,  and  it  is  possible  that  the  reason  for  the  difference  in  the 
amount  of  antimony  found  in  the  brain  in  this  case  and  that  in  the 
brain  of  the  dog  similarly  treated,  lies  in  the  fact  of  a  slower 
absorption  from  the  stomach  of  a  herbivorous  animal. 


< 


Influbncb  of  Antimonious  Oxidb  on  Mbtabousm.     By   R.   H. 
Chittbndbn  and  Josbph  a.  Blakb. 

The  physiological  action  of  antimony  has  been  studied  mainly  with 
potassium  antimony  tartrate,  the  form  in  which  antimony  is  most 
commonly  used  therapeutically.  No  experiments,  however,  appear  to 
have  been  made,  even  with  this  salt,  to  ascertain  the  influence  of  an- 
timony on  the  metabolism  of  the  body.  Gathgens,  however,  as 
quoted  by  Dr.  H.  C.  Wood,*  found  in  some  incomplete  experiments 
an  increase  in  the  elimination  of  urea  after  repeated  non-toxic  doses 
of  antimony.  It  is  further  reportedf  that  antimonic  acid  or  other 
preparations  of  the  metal,  when  taken  in  half  gram  doses  daily  for 
about  two  weeks,  cause  a  diminution  in  the  amount  of  glycogen  in 
the  liver  and  even  a  total  disappearance  of  it,  and  that  the  liver,  kid- 
neys and  heart  undergo  fatty  degeneration.  Grohe  and  Mosler]; 
have  confirmed  the  latter  and  state  that  in  the  production  of  the 
famous  fatty  livers,  a  certain  amount  of  the  white  oxide  of  antimony 
is  fed  to  the  geese  daily.  Aside  from  these  facts,  there  appears  lit- 
tle definite  regarding  the  action  of  antimony  on  the  physiology  of 
nutrition. 

What  we  have,  therefore,  endeavored  to  ascertain  in  the  present 
experiment  is  the  influence  of  antimony  on  metabolism ;  or  particu- 
larly, on  proteid  metabolism  as  manifested  in  the  excretion  of  nitro- 
gen, sulphur  and  phosphorus.  Previous  experiments§  have  shown  that 
potassium  antimony  tartrate  has  a  noticeable  retarding  action  on 
pancreatic  digestion;  we  have  not,  however,  deemed  it  best  in  the 
present  experiments  to  use  tartar  emetic,  as  the  ready  solubility  and 
difiusibility  of  the  compound  might  cause  too  rapid  absorption  and 
thus  lead  to  speedy  toxic  action.  In  spite,  therefore,  of  the  fact  that 
we  have  not  made  any  experiments  on  the  influence  of  antimonious 
oxide  on  digestive  action,  we  have  preferred  to  use  the  latter  in  the 
present  experiments,  because  of  its  probable  slower  toxic  action  and 
also  because  it  has  been  so  extensively  used  as  a  means  to  induce,  or 
to  aid  in  the  production  of,  fatty  degeneration. 


*  Therapeutics,  Materia  Medica  and  Toxicology,  p.  1 56. 
t  See  Virchow*a  Archiv.,  1865,  Band  xxxiv,  p.  78. 
X  Compare  H.  0.  Wood.    Therapeutics,  p.  161. 
g  Studies  from  this  Laboratory,  1884-85,  p.  105. 
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Our  experiments  were  made  on  a  setter  dog,  weighing  12*6  kilos. 
The  animal  was  confined  in  a  suitable  cage,  so  that  the  excretions 
could  be  collected  daily  without  loss.  The  food  consisted  of  fresh 
beef  and  crackers,  together  with  a  suitable  amount  of  water.  The 
beef  was  prepared  as  follows  :  About  40  lbs.  of  fresh  beef,  freed  from 
fat,  tendons,  etc.,  was  finely  divided  by  passing  through  a  sausage 
machine  and  then  dried  at  a  low  temperature  until  it  had  lost  aboat 
75  percent,  of  water,  and  was  in  a  condition  suitable  for  preservation. 
50  grams  of  this  preserved  meat,  together  with  75  grams  of  the  sam- 
pled crackers,  soaked  in  300  c.c.  of  water,  were  fed  to  the  dog  twice 
daily.  The  meat,  as  determined  by  Kjeldahl's  method,  contained 
12'4  per  cent,  of  nitrogen,  while  the  crackers  contained  1*9  per  cent. 
Hence  the  dog  was  fed  daily  15*25  grams  of  nitrogen. 

On  May  11th,  the  dog  was  put  upon  this  diet  and  from  the  17th  on, 
the  24  hours'  urine  was  collected  daily  and  analyzed.  After  a  period 
of  two  weeks,  during  which  daily  analysis  of  the  urine  had  shown  a 
fairly  constant  composition,  antimonious  oxide  was  added  to  the  diet 
in  the  quantities  indicated  in  the  table  of  results ;  the  diet  of  course 
continuing  the  same  throughout  the  length  of  the  experiment. 

We  deemed  it  better,  as  well  as  more  accurate,  to  measure  the  in- 
fluence of  the  antimony  by  a  daily  determination  of  the  total  nitro- 
gen, sulphur  and  phosphorus  of  the  urine,  rather  than  to  attempt  a 
determination  of  urea,  uric  acid,  phosphoric  acid,  etc.  Nitrogen,  we 
determined,  according  to  the  method  of  Kjeldahl,*  modified  slightly 
as  suggested  by  Dr.  E.  IT.  Jenkins,  of  the  Agricultural  Experiment 
Station,  viz:  5  c.c.  of  the  acid  urine  were  placed  in  a  long  pear-shaped 
bulb  and  evaporated  to  dryness  quickly  on  a  water  bath.  The  resi- 
due was  heated  directly  over  a  small  flame  with  10  c.c.  of  pure  con- 
centrated sulphuric  acid  and  0*7  gram  of  oxide  of  mercury,  until  oxi- 
dation was  almost  complete.  Then,  a  little  finely  powdered  potassium 
permanganate  was  added,  to  render  the  oxidation  quite  complete. 
The  solution  was  then  diluted,  an  equivalent  amount  of  potassium 
sulphide  added  to  convert  the  mercury  into  sulphide,  and  lastly  a 
standard  solution  of  sodium  hydroxide,  after  which  the  ammonia  was 
driven  off  by  boiling  and  collected  in  standard  acid. 

Total  phosphorus  and  sulphur  were  determined  as  follows  :  60  cc. 
of  urine  were  evaporated  in  a  capacious  silver  dish  with  10  grams  of 
potassium  hydroxide  and  10  grams  of  potassium  nitrate  and  the  resi- 


*  Xeue  Mothode  zur  Bestiinniung  des  Stickstoffs  in  orgaDischeD  Korpem.  Zeitfldirift 

fiir  analvtisolio  clicinie.  xxii.  306. 
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due  heated  carefully  until  the  organic  matter  was  completely  oxidized. 
The  fused  mass  was  then  dissolved  in  water  and  diluted  to  250  c.c. 
Of  this,  100  c.c,  representing  20  c.c.  of  the  original  urine,  were  used 
for  the  sulphur,  while  the  second  100  c.c.  were  used  for  the 
phosphorous,  determination.  For  sulphur,  the  100  c.c,  were  acidi- 
fied with  hydrochloric  acid  and  evaporated  to  dryness  on  a  water 
bath  in  order  to  remove  all  nitrate  and  nitrite.  The  residue  was  then 
dissolved  in  water  acidified  with  hydrochloric  acid,  and  the  sulphuric 
acid  precipitated  with  barium  chloride  in  the  usual  manner.  For 
phosphorus,  the  100  c.c.  were  acidified  with  nitric  acid,  evaporated 
to  dryness,  the  residue  dissolved  in  water,  acidified  with  nitric  acid 
and  the  phosphoric  acid  precipitated  with  molybdenum  solution. 
This  precipitate  was  then  dissolved  in  a  dilute  solution  of  ammonia, 
the  phosphoric  acid  reprecipitated  as  ammonio-magnesium  phosphate, 
and  the  phosphorus  finally  weighed  as  magnesium  pyrophosphate. 
Chlorine  was  determined  volumetrically  in  the  usual  manner,  with 
a  standard  solution  of  silver  nitrate,  after  destruction  of  the  organic 
matter  by  fusion  with  potassium  nitrate,  etc. 

The  results,  expressed  in  grams  per  24  hours,  are  shown  in  the  ac- 
companying tables.  The  24  hours'  urine  represents  the  quantity  passed 
from  9  A.  M.  of  one  day  to  9  a.  m.  of  the  next.  As,  however,  the  ani- 
mal was  not  always  regular  in  its  passage  of  urine,  it  frequently 
happened  that  the  quantity  on  one  day  would  be  very  small,  while  on 
the  next  it  would  be  correspondingly  increased,  without  any  change 
in  specific  gravity,  and  with  a  daily  average  corresponding  to  the 
normal,  as  for  example  on  May  25th  and  26th. 

In  order,  therefore,  to  obviate  the  difficulty  which  this  irregularity 
tends  to  introduce  into  the  results,  we  have  added  to  the  table  a  daily 
average  of  each  three  days  results ;  a  study  of  which  shows  plainly 
that  antimonious  oxide,  in  the  present  experiment  at  least,  does 
not  have  any  noticeable  influence  on  the  excretion  of  any  of  the  ele- 
ments determined.  Numerically,  there  is  a  slight  increase  in  the 
amount  of  nitrogen  excreted  during  the  taking  of  the  antimony,  but 
the  increase  is  noticeable  only  in  the  grand  avei*age  and  is  altogether 
too  small  to  be  of  much  significance.  Further,  it  is  to  be  noticed  that 
the  average^  for  the  two  series  does  not  show  any  corresponding  in- 
crease in  sulphur.  If  antimony  causes  an  increased  excretion  of 
nitrogen,  it  means  an  increase  in  proteid  metabolism,  which  should  in 
turn  give  rise  to  an  increased  excretion  of  sulphur  and  phosphorus. 
It  is  to  be  noticed  in  the  daily  results,  that  the  excretion  of  sulphur 
nd  phosphorus  runs  parallel  with  the  excretion  of  nitrogen;  an  in- 
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crease  in  the  latter  is  always  accompanied  by  an  increase  in  the  two 
former.  In  the  grand  average  of  the  results,  however,  the  slight  in- 
crease in  nitrogen  is  not  accompanied  by  a  corresponding  increase  in 
sulphur.  In  fact,  the  two  series  of  results,  indicate  plainly  that  the 
antimony  was  without  any  material  action.  The  total  amount  of  an- 
timony given,  16  grains  of  the  oxide  during  13  days,  was  certainly 
sufficient  in  quantity  to  have  exerted  its  peculiar  influence  if  possessed 
of  any.  The  antimony  was  certainly  absorbed,  and  that  too  in  con- 
siderable amount.  Thus  on  the  11th  of  June  the  24  hours^  urine  con- 
tained 13*5  milligrams  of  metallic  antimony;  on  the  17th,  22*4  milli" 
grams;  on  the  18th,  17*6  milligrams  and  on  the  20th  of  June,  15*1 
milligrams  of  metallic  antimony.  These  quantities  of  absorbed  anti- 
mony would  certainly  indicate  the  presence  of  sufficient  antimony  for 
some  decided  influence  on  metabolic  action,  if  any  existed.  The 
amount  of  nitrogen  excreted  daily,  is  seen  to  be  considerably  below 
the  amount  of  nitrogen  ingested.  We  did  not  make  daily  examina- 
tions of  the  fsecal  matter,  but  such  as  were  made  showed  plainly  that 
the  deficiency  in  nitrogen  was  contained  mainly  in  the  faeces ;  thus  on 
the  5th  of  June  the  100  grams  of  faeces  excreted,  contained  2*42 
grams  of  nitrogen.  At  that  date,  the  average  amount  of  nitrogen 
excreted  by  the  urine  was  12*36  grams  per  day  ;  this  amount,  added 
to  the  faecal  nitrogen  makes  a  total  of  14*78  grams  excreted,  against 
15*25  grams  ingested;  a  difference  to  b^  found  mainly  in  the  hair 
thrown  off,  and  in  part,  in  the  ordinary  errors  of  analysis. 

We  must  conclude,  therefore,  that  small  repeated  doses  of  anti- 
monious  oxide  are  without  influence  on  the  excretion  of  nitrogen, 
sulphur  and  phosphorus,  and  that  consequently  this  compound,  at 
least  when  taken  in  non-toxic  doses,  has  no  action  on  proteid  meta- 
bolism. 


On  Some  Metallic  Compounds  op   Albttmin  and  Myosin.     By 
R.  H.  Chittenden  and  Henry  H.  Whitehouse,  Ph.B. 

EvBB  since  LieberkQhD,  in  1852,  attempted  to  establish  the  molecu- 
lar weight  of  albumin  by  preparing  and  analyzing  the  copper  com- 
ponnd  resulting  from  the  action  of  a  soluble  copper  salt  on  a  solution 
of  egg-albumin,  various  investigations  have  been  published  bearing 
on  the  nature  and  composition  of  the  compounds  of  albumin  with  the 
heavy  metals.  Before  this  time  even,  F.  Rose,  in  1833,  had  published 
an  analysis  of  a  copper  compound  of  albumin  in  which  he  had  found 
from  1-50  to  1*70  per  cent,  of  cupric  oxide,  and  Mitscherlich,  in  1837, 
published  an  analysis  of  a  similar  albumin  compound,  in  which  he 
found  from  2*8  to  3*3  per  cent,  of  cupric  oxide,  while  Lieberktlhn's 
compound  contained  4*6  percent.  CuO.  Compounds  of  albumin  with 
other  metals  have  also  from  time  to  time  been  prepared,  such  as  zinc, 
lead,  silver  and  mercury,  and  in  one  or  two  cases  provisional  formulae 
have  been  given.  The  results,  however,  are  to  be  considered  as 
quite  uncei*tain.  With  platinum  chloride  a  compound  appears  to 
have  been  formed*  of  somewhat  more  certain  composition.  Aside 
from  the  more  recent  experiments  of  Ritthausenf  on  the  vegetable 
albumins  (gluten-casein,  legumin,  etc.),  egg-albumin  has  been  the 
chief  albuminous  body  experimented  with,  and  copper  the  main 
metal. 

Recent  work  by  one  of  us  (C)  on  the  albumose  and  globulose 
bodies,  together  with  work  on  the  products  formed  from  casein  and 
myosin,  has  led  to  a  partial  study  of  the  metallic  compounds  of  these 
bodies.  As  a  preliminary,  however,  we  found  it  necessary  to  study  a 
few  of  the  compounds  of  egg-albumin,  and  as  the  results  thus  obtained 
were  not  in  accord  with  the  more  recent  results  of  Harnack|  we  have 
continued  our  work  with  egg-albumin  and  with  myosin,  the  results 
of  which  we  now  present. 

*  See  Commaile,  MoDiteur  Soientifique,  1866,  and  Fuchs,  in  Anoalen  der  Chemie, 
vol.  cli|  p.  372. 

f  Die  Eiweisskorper  der  Getreidearten,  etc.  Journal  fi^r  prakt  Chem.,  vol.  zii,  p.  361. 

X  IJntersuchiingenClber  die  Kupferverbindungen  des  Albumins.  Zeitschrilt  fur  phy- 
siologische  Gbemie,  voL  v,  p.  198. 
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L   EOG-ALBUXIN. 

(a)   Copper  Compounds. 

In  looking  over  the  literature  of  the  subject,  it  becomes  evident : 
once  that  the  older  investigators,  owing  either  to  the  nature  of  tl 
compound,  to  adherent  impurities  or  to  faulty  methods,  were  n 
able  to  obtain  concordant  results,  since  the  copper  compound  of  eg 
albumin,  as  prepared  and  analyzed  by  six  distinct  investigators,  w: 
found  to  contain  from  1*50  to  5*19  per  cent,  of  CuO.     In  all  of  the 
cases  the  preparation  of  the  copper  compound  was  essentially  t' 
same ;  a  solution  of  egg-albumin  was  precipitated  with  a  solution  of 
copper  salt,  the  precipitate  collected,  washed  thoroughly  with  wat< 
dried,  and  the  copper  determined  by  simple  ignition.    Naturally  th 
method,  as  suggested  by  Harnack,  might  be  expected  to  give  t< 
high  results,  since  the  copper  precipitate  would  unquestionably  i 
tain  considerable  of  the  inorganic  matter  of  the  albumin.    Treated 
this  manner,  however,  F.  Rose,*  as  already  stated,  found  the  copp 
compound  to  contain  from  1  *50  to  1  *69  per  cent,  of  CuO.     Mit8ch< 
lich,f  who  held  that  the  copper  precipitate  was  a  compound  of  eg 
albumin  with  the  copper  salt,  found  in  his  preparations  2*8-3*8  per  cer 
CuO,  while  Bielitzki,^  who  demonstrated  that  the  precipitate  was  ] 
actual  compound  of  albumin  with  cupric  oxide,  found  in  his  preparatio 
4*75-6 '20  per  cent,  of  CuO.     Lassaigne,  as  quoted  by  Harnack,  four 
4-95  per  cent,  of  CuO,  Mulder§  4*44  per  cent.,  while  Lieberktlhn' 
preparation  contained  4*6  per  cent,  of  CuO.     Further,  Ritthauser 
copper  coni[>onnds  of  the  vegetable  albumins  were  found  to  conta 
from  11*5  to  17*0  per  cent,  of  CuO.    These  results  collectively,  wou 
therefore  seem  to  indicate  that  when  egg-albumin  is  precipitated  I 
a  soluble  copper  salt,  the  resulting  compound  does  not  contain  a  de 
nite  proportion  of  albumin  and  cupric  oxide,  or  else  that  there  are 
large  number  of  albumin-copper  compounds.     More  recently,  hov 
ever,  E.  Harnack,^  from  analysis  of  fifteen  separate  preparation 
comes  to  the  conclusion  that  there  are  two  distinct  compounds  < 
albumin  with  copper;  one  containing  1*35  per  cent,  of  Cu,  the  oth< 
2*64  per  cent,  of  Cu,  indicating  as  Harnack  suggests,  a  copper  alb 
rainate  in  the  first  case  of  the  formula  C„^H,,^N„O^S,Cu,  in  which  C 
replaces  two  atoms  of  hydrogen  in  the  albumin  molecule,  and  in  tl 
second  case,  an  albuminate  of  the  formula  C,„H,„N„O^S,Cu„  i 


♦  PoggendorflTs  Aunalen,  vol  xxviii,  1833.        f  MuUer's  Archiv.  for  1837,  p.  91. 
X  DiBsertation,  Dorpat,  1853.  §  Physiologische  Chemie,  1844-51. 

I  PoggendorfiTs  Annalen,  vol  Ixxxvi,  1852.       ^  Loc.  at. 
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which  two  atoms  of  Ca  replace  four  of  hydrogen.  The  results  ob- 
tained by  this  investigator  would  certainly  seem  to  warrant  this  con- 
clusion, for  the  analytical  data  of  the  different  preparations  show  but 
slight  variations;  1*34-1'37  per  cent,  in  the  one  case,  and  2-48-2*74 
percent,  in  the  other.  Further, Harnack  worked  with  nearly  ash-free 
preparations,  the  compounds  after  their  first  precipitation  and  wash- 
ing being  dissolved  in  sodium  carbonate  and  reprecipitated  by  care- 
ful addition  of  acid.  By  repeating  this  process  several  times,  the  ash 
of  the  preparation  was  almost  entirely  removed,  while  the  relative 
proportion  of  copper  and  albumin  was  not  affected.  As  to  the  condi- 
tions which  determine  the  formation  of  one  or  the  other  compound, 
there  seems  to  be  little  definite  other  than  that  in  general,  the  com- 
pound with  smaller  content  of  copper  was  obtained  when  the  precipi- 
tation took  place  in  the  presence  of  a  slight  excess  of  albumin,  and 
the  compound  with  larger  content  of  copper  when  in  the  presence  of 
an  excess  of  the  copper  salt.  In  no  case  were  the  copper  salt  and  albu- 
min solutions  mixed  in  definite  proportions,  yet  in  every  case  one  of 
the  two  compounds  was  formed ;  further,  Harnack  states  that  when 
an  amount  of  copper  salt  exactly  sufficient  to  form  the  albuminate 
is  added  to  a  given  quantity  of  albumin,  no  precipitate  results ;  in 
other  words  an  excess  of  the  copper  salt  is  necessary  to  insure  a 
separation  of  the  compound. 

Hamack's  results,  therefore,  differ  from  those  of  the  preceding  in- 
vestigators in  that  definite  compounds  appear  to  have  been  formed  in 
every  case,  and  further,  in  that  the  compounds  contain  a  lower  per- 
centage of  copper  than  found  by  any  other  investigators  aside  from 
F.Rose.  This  latter,  it  will  be  remembered,  found  l'50-l-69  per 
cent,  of  CuO  ;  1'69  per  cent,  being  equal  to  1*34  per  cent,  of  Cu,  one  of 
the  percentages  found  by  Harnack.  Harnack  further  states  that  the 
average  of  the  analyses  made  by  other  investigators,  aside  from  Rose, 
show  about  4*4  per  cent,  of  CuO,  and  assuming  that  the  various  prep- 
arations contained  an  amount  of  ash  equivalent  to  about  1  per  cent, 
(which  amount  Harnack  found  in  his  preparations  before  purification) 
the  percentage  amount  of  cupric  oxide  would  be  reduced  to  about  3*4 
=2*7  per  cent.  Cu,  or  the  amount  found  by  Harnack  in  his  highest  cop- 
per compound.  But  as  Rose's  preparation  was  made  by  the  simple  ad- 
dition of  an  aqueous  solution  of  egg-albumin  to  the  copper  salt  and  the 
copper  determined  as  oxide  by  simple  ignition,  it  would  seem  neces- 
sary to  make  the  same  deduction  of  1  per  cent,  also  in  this  case, 
which  would  make  Rose's  compound  contain  far  less  CuO  than  found 
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by  Harnack.  Farther,  Rose*  found  that  the  serum  of  ox  blood 
yielded  a  similar  compound  with  capric  sulphate,  which  contained 
only  1'14  per  cent,  of  CuO  or  0*88  per  cent,  of  Cu.  Hence  there 
would  seem  to  be  little  in  these  earlier  investigations  to  substantiate 
the  results  obtained  by  Harnack.  M6rner,t  however,  working  with 
alkali-albuminate,  found  that  on  precipitating  a  solution  of  alkali-al- 
buminate  with  cupric  sulphate,  in  the  presence  of  an  excess  of  alkali, 
he  obtained  a  copper  albuminate  containing  a  percentage  of  cupric 
oxide  corresponding  closely  with  that  found  by  Lieberktlhn.  When, 
on  the  other  hand,  he  precipitated  a  nearly  neutral  solution  of  alkali- 
albuminate  with  cupric  sulphate,  then  the  percentage  of  copper  in  the 
copper  albuminate  amounted  to  only  one-third  that  found  by  Lieber- 
ktlhn, or  an  amount  about  equivalent  to  that  found  by  Harnack  in  bis 
lowest  copper  compounds.  Mdrner  further  found  that  by  precipitat- 
ing a  calcium  albuminate  solution  with  cupric  chloride,  the  albumin- 
ate combined  on  an  average  with  2*33  per  cent,  of  CuO,  or  just  one- 
half  the  amount  required  by  Lieberkahn's  formula,  and  considerably 
less  than  the  amount  contained  in  Harnack's  largest  copper  com- 
pounds. 

Preparation  of  the  albumin  solution. — In  our  experiments  it  was 
thought  best,  as  far  as  possible,  to  avoid  exposing  the  albuminate  to 
the  action  of  alkalies,  hence  especial  care  was  taken  to  prepare 
the  egg-albumin  as  free  from  salts  as  possible,  so  that  it  would  not 
be  necessary  to  purify  the  albuminate  by  reprecipitation.  The  whites 
of  a  large  number  of  eggs  were  finely  divided  by  scissors  and  by 
shaking  with  glass,  then  mixed  with  an  equal  volume  of  water  and 
thoroughly  shaken  with  air,  after  which  the  solution  was  strained 
through  cloth.  Globulin  was  then  precipitated  by  the  addition 
of  dilute  acetic  acid  (the  acid  added  as  long  as  a  precipitate 
formed),  the  solution  finally  filtered  through  paper,  after  which  the 
filtrate  was  made  exactly  neutral  with  sodium  carbonate  and  again 
filtered.  The  fluid  so  obtained  was  then  dialyzed  in  running  water 
for  many  days,  a  little  thymol  being  added  to  prevent  putrifaction. 
The  fluid  finally  obtained  was  perfectly  neutral,  clear  and  contained 
but  a  small  amount  of  inorganic  salts. 

In  forming  the  albuminate  we  employed  both  cupric  acetate  and 
cupric  sulphate,  using  in  each  case  the  same  volume  of  albumin  solu- 
tion, but  varying  the  amount  of  copper  salt.  The  copper  salt  was 
generally  added   as   long  as  a  precipitate   formed.     The  albumin- 


*  Loc.  cit.,  p.  139.  f  Jahresbericht  fur  Thierchemie,  1877,  p.  8. 
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ate  was  washed  on  a  pump  with  water,  until  no  reaction  could  be 
obtained  with  potassium  ferrocyanide  for  copper  or  with  acetic  acid 
and  potassium  ferrocyanide  for  albumin.  The  preparations  were 
dried  at  100*  C,  then  powdered  and  further  dried  at  110°  C,  until  of 
constant  weight.  The  percentage  of  copper  was  first  determined  by 
simple  Ignition  and  weighing  as  cupric  oxide.  The  oxide  was  then 
dissolved  in  dilute  nitric  acid,  the  copper  precipitated  as  sulphide  with 
hydrogen  sulphide  and  weighed  as  subsulphide  by  ignition  in  hydro- 
gen gas  with  a  little  sulphur.  Each  series  was  made  from  a  distinct 
preparation  of  albumin  and  nearly  every  compound  made,  was 
analyzed  in  duplicate. 

Following  are  the  analytical  results  : 

Seribs  I. 
With  CuSO,. 

No.     Am't  sub.  taken.      Wt.  CuO.       Per  cent.  Cu.        Wt.  Cu,S.        Per  cent.  Cu. 
In  0-5621  gram.     0*0081  gram.     118  0*0070  gram.     0*97 

h  0-5176  00078  M9  00065  0-98 

With  Cu(C,H.O,),. 


2a 

0-5479 

00088               1-27 

.  -  -  • 

•  ••*-> 

h 

0-5708 

0-0091                1-26 

ssBiEs  n. 

With  CuSO,. 

0-0078 

1-08 

U 

0-5278  gram. 

0.0067  gram.    1-00 

0-0058  gram. 

0-79 

h 

0-7075 

00088                0-98 

0-0068 

0-76 

WUh  Cu(C.H.O,),. 

2a  0-5697  0-0081  1-12  0-0071  0-98 

h  0-5005  0-0078  115  00061  095 

Sbries  III. 

WUh  CuSO,. 

la  0*6285  gram.     0-0085  gram.     1*07  

h  0-6705  0*0091  1*07  0*0088  gram.    1.04 

With  Cu(C,H,0,),. 

2a  0*8802  0*0180  1*24 

b  0*9400  0*0151  1*27 

Trans.  Coiin.  Aoad.,  Vol.  VII.  39  Nov.,  1886. 
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Series  IV. 

With  CuSO,. 

No. 

Amt.  sub.  taken. 

Wt.  CuO.       Per  cent.  Cu. 

Wt.  CuaS. 

Per  cent.  Cu 

la 

0-3621  gram. 

0-0047  gram. 

1-02 

00088  gram. 

0-82 

h 

0-8478 

0-0046 

1-08 

0-0089 

0-89 

2a 

0-4818 

0-0060 

1-08 

0-0040 

0-71 

b 

0-8288 

0-0047 

1-12 

0-0088 

0-78 

da 

0-4088 

0-0060 

1-15 

0-0047 

0-90 

b 

0-4882 

0-0064 

1-17 

0-0058 

0-96 

4a 

0-8874 

0-0047 

1-09 

0-0042 

0-97 

b 

0-4289 

0-0062 

1-14 

0-0050 

0-90 

With  Cn(C,H,0,),. 


5a 

0-6858 

0-0090 

1-11 

0-0073 

0-91 

b 

0-5147 

0-0071 

1-08 

0-0064 

0-99 

6a 

0-5321 

0-0075 

1-12 

0-0065 

0-95 

b 

0-5125 

0-0078 

1-18 



-  - .  - 

la 

0-7260 

0-0125 

1-36 

•  •  •  • 

^  ^  w  ^ 

b 

0-6916 

0-0120 

1-37 

Series  V. 
With  CuSO.. 

00100 

M5 

la  0-4888  gram.     0-0088  gram.     1-86  0-0074  gram.     1-21 

b  0-5088  0-0091  1-41 

With  Cu(C,H,OJ,. 

2a  0-5044  0-0086  1-82 

b  0-5042  00084  1-32 

From  the  analyses  of  these  15  preparations  it  is  to  be  seen  that  the 
percentage  amount  of  metallic  copper,  determined  as  oxide  by  simple 
ignition,  amounts  on  an  average  to  1-17  per  cent.  When,  however, 
the  copper  is  determined  as  subsulphide,  by  precipitation  with  hydro- 
gen sulphide,  and  thus  obtained  free  from  ash,  the  percentage  amount 
of  copper  falls  on  an  average  to  0-94  per  cent.  Cu.  The  preparations 
thus  contain  0*23  per  cent,  of  ash.  We  were  not  able  to  obtain 
any  copper  compounds  with  a  much  smaller  content  of  ash  than  this, 
except  by  the  use  of  methods  which  appear  to  affect  the  composition 
of  the  compound. 
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HarDack  states*  that  he  was  able  to  obtain  the  copper  albuminate 
quite  free  from  ash  by  dissolving  the  freshly  precipitated  albuminate, 
after  it  had  been  thoroughly  washed,  in  sodium  carbonate,  61tering 
and  reprecipitating  the  compound  by  careful  addition  of  acid.  By 
repeating  this  process  several  times  the  adhering  inorganic  matter 
was  entirely  removed.  It  seemed  questionable,  however,  whether 
this  treatment  might  not  induce  some  alteration  in  the  compound. 

The  two  following  series  of  experiments  were  tried  with  the  inten- 
tion of  throwing  some  light  upon  this  point. 

Sbries  VL 
With  CuSO,. 

No.    Am't  sub.  taken.      Wt  CuO.       Per  cent.  Cu.        Wt.  CugS.        Per  cent.  Cu. 
la  0*6320  gram.     0-0091  gram.     115  0  0080  gram.    099 

b  0-6980  00099  113  00086  098 

2a  0-5428  .  00077  1*12  0-0070  1*01 

b  0-5121  0-0077  119  00061  0-95 

3  0-3146  0-0080  2*08  00068  1-71 

With  Cix{C,UfiX 
4a  0-6105  00085  111  0-0075  096 

b  0-5836  00078  1'06  0-0072  0-99 

5a  0-5996  00087  1-15  0-0081  1-06 

b  0-5592  0-0082  1-16  0*0069  0-99 

6  0-4139  0-0131  2-51  00115  2.19 

In  this  series  of  experiments  all  of  the  preparations,  as  before,  were 
made  from  the  purified  albumin.  Nos.  1,  2,  4  and  5  were,  after  pre- 
cipitation, simply  washed  with  water  until  the  washings  gave  no  reac- 
tion either  for  copper  or  albumin.  No.  3,  after  being  washed  in  a 
similar  manner,  was  dissolved  in  very  dilute  sodium  carbonate  and  re- 
precipitated  by  neutralization  with  dilute  hydrochloric  acid.  No.  6 
was  dissolved  up  twice  in  this  manner  and  both  preparations  were 
finally  washed  free  from  chlorine.  A  glance  at  the  analyses  shows 
plainly  that  this  treatment  has  tended  to  increase  the  percentage 
amount  of  copper  in  the  albuminate ;  due,  doubtless,  either  to  with- 
drawal of  a  portion  of  the  albumin  by  the  sodium  carbonate,  or  else 
to  a  partial  dissociation  of  the  compound  by  the  long  continued  wash- 
ing with  water. 

The  first  reprecipitation  has  apparently  increased  the  amount  of 
copper  in  the  compound  fully  0*7  per  cent.,  the  second  reprecipita- 
tion 0'6  per  cent.  more. 


♦  Log.  dt,  p.  202. 
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Sebibs  Vll. 

With  CuSO,. 

No. 

Am't  sub.  taken. 

Wt.  CiiO. 

Per  cent.  Cu. 

Wt.  Cu,S.        Per  cent. 

la 

0*6826  gram. 

0-0091  gram. 

1-13 



.... 

h 

0*6156 

0-0086 

1-10 





2a 

0-4054 

0-0081 

1-60 

0-0068  gram. 

1-28 

b 

0-4095 

0-0099 

1-58 

0*0074 

1*19 

da 

0-8870 

0*0068 

1*89 

0*0049 

1*02 

b 

0-8702 

0-0066 
With 

Cu(C 

1-40 

4a 

0-6175 

0-0085 

1-08 

0-0074 

0-95 

b 

0-6069 

0-0082 

1-07 

0-0077 

1-00 

5a 

0-8282 

0-0072 

1-78 

00055 

1-84 

b 

0-8755 

0-0088 

1-75 

-  -  -  - 

6a 

0-7508 

00182 

1-89 

00104 

1*10 

b 

0-7016 

0-0121 

1-88 

This  series  was  prepared  in  the  same  manner  as  the  preceding- 
Nos.  1,  3,  4  and  6  were  simply  washed  with  water,  while  No.  2  was 
reprecipitated  once  and  No.  5  twice,  and  both  ultimately  washed  free 
from  all  soluble  matters.  The  results  show  here  the  same  increased 
percentage  of  copper,  although  not  so  marked  as  in  the  preceding 
series,  when  the  albuminate  is  dissolved  in  sodium  carbonate  and 
reprecipitated.  Further,  the  percentage  of  ash  is  not,  as  a  rule, 
materially  changed  by  this  process ;  thus  in  No.  2,  where  the  albu- 
minate was  reprecipitated  once,  the  difference  in  the  percentage  of 
copper  as  determined  by  simple  ignition  and  by  precipitation  as 
sulphide,  amounts  to  0-37  per  cent.,  while  in  No.  3a,  where  the 
compound  was  not  reprecipited  at  all,  the  difference  is  exactly  the 
same. 

In  precipitating  the  albuminate,  there  is  formed  in  the  fluid  a 
small  amount  of  either  sulphuric  or  acetic  acid.  Harnack,  to  avoid 
this,  states  that  it  is  better,  after  adding  the  necessary  amount  of  cupric 
sulphate  to  the  albumin  solution,  to  exactly  neutralize  the  mixture  with 
sodium  carbonate.  If,  however,  the  greatest  care  is  not  exercised  and 
excess  of  cupric  sulphate  avoided,  even  partial  neutralization  of  the  fluid 
will  result  in  the  precipitation  of  a  portion  of  the  copper  and  thus 
show  an  apparent  increase  in  the  copper  of  the  albuminate.  So  far, 
however,  as  our  results  show,  the  small  amount  of  sulphuric  acid  libera- 
ted in  the  formation  of  the  albuminate  does  not  affect  the  character 
of  the  compound.     In  the  following  series,  after  each  precipitation, 
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the  mixture  was  made  as  near  neutral  as  possible  with  dilute  sodium 
carbonate  and  the  compounds  then  filtered  and  washed  thoroughly 
with  water.  The  copper  in  this  series  was  determined  simply  by 
ignition. 

Series  VIII. 


With  CuSO,. 

No. 

Am't  sub.  takeu. 

VV  t.  CiiO. 

Per  cent.  Cu 

la 

0-4278  1 

^ram. 

0.0068  gram. 

1-26 

h 

0-8867 

0-0063 

1-29 

2a 

0-8167 

0-0049 

1-28 

b 

0-3585 

0-0052 

1-18 

da 

0-2418 

0-0030 

1-00 

b 

0-8079 

• 

0-0089 

1-00 

ia 

0-6210 

0-0188 

1-78 

h 

0-7091 

0-0158 

1-78 

The  results  plainly  show  no  appreciable  difference  in  the  composi- 
tion of  the  albuminate  under  this  change  in  the  conditions,  unless  in 
No.  4  where  a  larger  amount  of  copper  is  found  than  usual.  It  is  our 
opinion,  however,  that  the  small  amount  of  acid  liberated  by  the  re- 
action is  not  sufficient  to  cause  any  especial  change  in  the  character 
of  the  albuminate ;  neither,  probably,  does  very  dilute  sodium  carbon- 
ate in  itself  change  the  substance  to  such  an  extent  that  on  neutrali- 
zation it  is  not  precipitated  in  nearly  its  original  form,  or  at  least  that 
the  action  in  this  case  is  not  any  greater  than  that  produced  by  water 
alone.  In  fact  we  are  much  inclined  to  the  view  that  the  long  continued 
action  of  water  will  gradually  but  surely  affect  the  composition  of  the 
albuminate,  and  that  doubtless  the  change  in  the  composition  of  the 
compound  noticed  in  our  experiments  on  solution  of  the  substance  in 
sodium  carbonate  and  reprecipitation  is  due  to  the  combined  action 
of  the  alkaline  fluid  and  of  water.  Harnack  states  that  week-long 
treatment  of  the  freshly  precipitated  albuminate  with  water  will 
gradually  cause  dissociation  of  the  compound,  but  that  it  can  be  easily 
and  thoroughly  washed  without  any  decomposition  whatever. 

Our  experience,  however,  leads  us  to  question  the  correctness  of 
this  view.  Ordinarily,  it  has  taken  us  an  entire  day  to  completely 
wash  the  freshly  precipitated  albuminate,  so  that  the  wash-water 
should  give  no  reaction  whatever  for  copper  or  albumin.  In  precipi- 
tating the  albumin  solution  with  cupric  sulphate,  the  albumin  never 
appears  to  be  completely  precipitated  and  at  the  same  time,  as  Har- 
nack has  observed,  it  is  necessary  to  add  more  than  the  proportional 
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amonnt  of  copper  salt  to  obudn  any  separation  of  the  albuminate. 
As  a  result,  the  filtrate  contains  considerable  albumin  and  copper,  bat 
even  after  several  hours  washing  on  the  pump  (the  filtration  is  slow 
at  the  best)  the  precipitate  still  gives  up  traces  of  albumin,  as  shown 
by  acetic  acid  and  potassium  ferrocyanide,  long  after  all  traces  of 
copper  have  disappeared.  It  is  not  impossible  to  wash  the  compound 
and  reach  a  point  where  the  wash-water  contains  neither  copper  nor 
albumin,  but  when  the  washing  goes  on  slowly  and  the  water  remains 
more  or  less  in  contact  with  the  albuminate  for  24  hours,  then  fre- 
quently the  washings  will  show  traces  of  albumin  continuously,  with- 
out our  being  able  to  reach  a  point  where  the  test  fails  to  give  any 
reaction  whatever,  or  to  show  any  special  change  in  the  intensity  of 
the  reaction. 

The  following  series  of  experiments  would  appear  to  substantiate 
this  view.  The  first  six  were  washed  for  about  twelve  hours,  when 
no  copper  reaction  could  be  obtained  in  the  washings  and  only  the 
slightest  reaction  for  albumin.  The  last  six  were  washed  for  sixteen 
hours,  and  finally  stood  over  night  on  wet  filters  with  more  or  less 
water  on  them.  At  the  end  of  this  time,  the  washings  continued  to 
show  a  reaction  for  albumin  with  acetic  acid  and  potassium  ferro- 
cyanide,  and  indeed  the  reaction  appeared  to  increase  rather  than 
diminish  in  intensity  on  further  washing.  The  washings  contained 
no  copper. 

Following  are  the  results  of  the  analyses  : 


Series    IX.— With  CuSO,. 


No. 

Amt.  sub.  taken. 

Wt.  CuO. 

Per  cent.  Cu 

1 

0-4207  gram. 

0-0052  gram. 

0-99 

2 

0-4676 

0-0058 

0-98 

8 

0-4881 

0-0062 

1-00 

4 

0-8162 

0-0087 

0-91 

5 

0-2882 

0-0082 

0-89 

6 

0-1857 

0-0024 

1-02 

7 

0-2892 

0-0050 

1-34 

8 

0-4187 

0-0060 

1.18 

9 

0-4077 

0-0060 

1.18 

With  Cu(C,H,OJ,, 


10 

0-6067 

0-0126 

1-64 

11 

0-6889 

0-0111 

1-27 

12 

0-7126 

0-0109 

1-22 
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While  the  diflference  is  not  very  great,  it  is  a  constant  difference, 
and  it  is  to  be  remembered  that  the  last  six  compounds  differ  in  no 
respects  whatever  from  the  first  six,  except  in  being  subjected  to  the 
longer  action  of  water. 

In  comparing  now  these  different  results,  it  is  seen  that  we  have 
not  been  able  to  obtain  a  copper  albuminate  with  a  higher  content 
of  Cu  than  2-19  per  cent.,  and  this  only  as  a  result  of  two  reprecipi- 
tations ;  a  condition,  which,  from  our  experience,  tends  to  alter  mate- 
rially the  composition  of  the  original  precipitate.  The  average  of 
the  results  obtained  by  simple  precipitation,  show  a  content  of  0*94 
per  cent,  of  Cu.  A  study  of  the  individual  results,  however,  shows 
too  great  a  variation  to  believe  wholly  in  the  existence  of  a  single, 
stable  copper  albuminate.  Either  there  are  one  or  two  definite  com- 
pounds, which,  being  more  or  less  unstable,  are  prone  to  change  under 
varying  conditions  and  thus  give  rise  to  the  variationTs  in  the  content 
of  copper  noticed,  or  else  there  are  a  number  of  definite  compounds 
liable  to  be  formed  as  the  conditions  are  varied,  all  of  which,  how- 
ever, must  be  more  or  less  unstable.  Glancing  over  the  individual 
results,  it  is  plain  that  an  amount  of  Cu  approximating  to  0*96  per 
cent,  is  found  altogether  too  frequently  to  be  the  result  of  chance. 
Doubtless  this  figure  represents  most  closely  the  content  of  copper  in 
the  ordinary  copper  albuminate  obtained  by  simple  precipitation, 
while  the  majority  of  the  variations  from  this  figure  are  due  mainly 
to  dissociation. 

Taking  Lieberktlhn's  formula  of  albumin,  the  following  copper 
albuminates  would  be  possible : 

(CTaHn«Nj»SO„),  +  Cu-H,=l-29  per  cent.  Cu. 
(C„H„,N„S0„)4  +  Cu-Ha=0-96 
(C7aH,„N,«SO„)»  +  Cu-H,=0-77    " 

For  the  first,  in  which  LiebetkUhn^s  formula  for  albumin  is  treb- 
led, the  percentage  of  copper  corresponds  nearly  to  the  lowest  results 
obtained  by  Hamack,  while  in  the  second  formula  the  percentage  of 
copper  accords  closely  with  the  average  of  our  results.  Whether 
the  weight  of  the  albumin  molecule  is  represented  more  nearly 
by  the  second  formula  than  by  the  first  we  have  not  sufficient  data  to 
determine,  but  certainly  our  results  with  the  copper  albuminate  show 
a  lower  percentage  of  copper  than  would  correspond  with  the  first 
formula.  Further,  it  would  appear  that  the  copper  albuminates  are 
readily  prone  to  change  under  slight  provocation  and  that  this  point, 
in  part,  undoubtedly  explains  the  reason  for  the  great  variation  in 
the  results  obtained  by  so  many  workers. 


ti       if 
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(b)   Lead  Compounds. 

Lieberktlhn*  states  that  the  lead  salt  of  albumin  cannot  be  obtained 
pure ;  that  the  insoluable  precipitate  formed  by  the  addition  of  either 
lead  nitrate  or  basic  lead  acetate  to  a  solution  of  albumin,  is  simply  a 
mixture.  With  basic  lead  acetate,  Lieberktthn  obtained  a  precipitate 
containing  17*86  per  cent,  of  lead  oxide,  while  the  precipitate  formed 
with  lead  nitrate  contained  12*78  per  cent,  of  lead  oxide. 

With  protein,  Mulderf  obtained  precipitates  on  the  addition  of 
neutral  lead  acetate  and  lead  nitrate,  which  contained  respectively 
12*45  and  12.68  per  cent,  of  lead  oxide,  while  basic  lead  acetate  gave 
a  precipitate  containing  30*63  per  cent,  of  lead  oxide.  Berzeliusi^ 
states  that  neutral  lead  acetate  precipitates  both  albumin  and  blood 
serum,  but  that  the  greater  portion  of  the  albumin  remains  dissolved 
in  the  fluid  united  with  acetic  acid.  Basic  lead  acetate  on  the  other 
hand  precipitates  the  albumin  completely. 

These  last  statements  accord  with  our  own  results ;  with  a  neutral 
lead  salt  only  a  small  precipitate  was  obtained,  the  compound  being 
soluble  apparently  in  both  excess  of  the  lead  salt  and  of  albumin, 
while  with  basic  lead  acetate  the  albumin  seemed  completely  precipi- 
tated. 

Further,  Berzelius||  states,  on  the  authority  of  Mulder,  that  if  a 
solution  of  potassium  albuminate  be  made  as  neutral  as  possible  with 
acetic  acid  and  then  precipitated  with  lead  nitrate,  the  lead  albu- 
minate so  obtained  contains  on  thorough  drying  5*84  per  cent,  of 
lead  oxide. 

Following  are  some  of  the  results  of  our  analyses.  The  compounds 
were  made  from  thoroughly  dialyzed  albumin  and  were  washed  free 
from  both  lead  and  any  excess  of  albumin.  The  preparations  were 
dried  at  110°  C.  until  of  constant  weight  and  the  lead  was  deter- 
mined first  by  simple  ignition,  with  addition  of  a  little  ammonium 
nitrate.  The  lead  oxide,  alter  being  weighed,  was  then  dissolved  in 
dilute  nitric  acid,  the  solution  evaporated  to  a  small  volume,  the  lead 
precipitated  with  a  little  sulphuric  acid,  two  volumes  of  alcohol  added, 
and  the  lead  sulphate  finally  filtered  and  washed  with  95  per  cent, 
alcohol.  The  sulphate  was  then  ignited  with  proper  precautions  and 
frotn  the  weight  obtained,  the  percentage  of  lead  again  calculated. 


*  Poggendorff's  Aonalen,  Band  bucxvi,  p.  124. 

t  Lehrbuch  der  Chemie,  Berzelius,  ix,  p.  29.       J  Lehrbuch  der  Chemie,  ix,  p.  43. 

I  Lehrbuch,  ix,  p.  49. 


Compounds  of  Alhumin  and  Myosin.  107 

Sebies   I. 

With  neutral  had  acetate. 

No.     Amt.  Sub.  taken.      Wt.  PbO.        Per  cent.  Pb.      Wt  PbS04.      Per  cent.  Pb. 
la  0-4972  gram.    00188  gram.    3-49  00209  gram.    285 

6  0-8992  0-0150  848  0*0166  2-88 

Series   II. 
With  neutral  lead  acetate. 


\a 

0-5341 

0-0188                3-16 

0-0216 

2-75 

b 

0-5881 

0-0198                3-40 
With  basic  lead  acetate. 

0-0222 

2-80 

Za 

0-5882 

00460               7-30 

0-0580 

6-77 

b 

0-5008 

0-0891               7-22 

Series   III. 
With  neutral  lead  acetate 

0-0487 

• 

6-62 

la 

0-8057 

0-0262               3-01 

0-0274 

2-32 

b 

0-6522 

00211                2-98 
With  basic  lead  acetate. 

0-0226 

2-36 

2a 

0-7290 

0-0598                7-55 

0-0615 

5-74 

b 

0-7680 

00681                7-66 

0-0609 

5-45 

Series   IV. 
With  neutral  lead  acetate. 

\a           0-4121                0-0152                842  0-0136                2*25 

b           0-4828                0-0176                3-37  00178                250 

With  basic  lead  acetate. 

2a  0-7234  00651  834  

b  0-5365  0-0482  833  

Series   V. 

With  a  large  excess  of  basic  lead  acetftte. 

la  0-6882  0-2119  28*81  

b  0-6429  0-1714  29*28  

2a  0-5886  0-1923  30-56  

b  0-5918  0-1960  30*76  

3a  0-6478  01896  32*11  

b  0-6427  0-1878  8202  

Trans.  Conn.  Aoad.,  Vol.  VII.    40  Nov.,  1886. 
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These  results  plainly  indicate  that  more  than  one  compound  of 
lead  is  formed,  especially  so  with  basic  lead  acetate,  the  composition 
being  dependent  in  this  case  on  the  amount  of  lead  salt  added.  With 
neutral  lead  acetate,  the  variations  in  composition  are  not  so  marked 
and  as  it  is  hardly  possible  to  prepare  a  lead  albuminate  free  from 
salts,  or  to  eliminate  them  wholly  in  the  calculations,  it  is  question- 
able how  far  the  results  should  be  tioisted,  except  in  a  general  way. 

The  formula  (C„H„,N,,SO„),+Pb-H,  would  require  3-10  per 
cent.  Pb,  while  (C„H„,N,^SO„)^-f  Pb-H,  would  require  2-50  per 
cent.  Pb.  In  the  case  of  the  albuminate  formed  with  basic  lead 
acetate,  it  is  to  be  noticed  that  the  compound  made  by  the  addition 
of  a  large  excess  of  the  lead  salt,  contains  about  five  times  as  much 
lead  as  the  ordinary  basic  lead  compounds. 

(c)   Iron  Compounds, 

F.  Rose*  has  made  iron  albuminate,  both  from  egg-albumin  and 
from  the  serum  of  ox-blood,  by  the  simple  addition  of  ferric  chloride 
to  the  albumin  solution.  Two  preparations  made  from  egg-albumin 
yielded  respectively  2*79  and  2*88  per  cent,  of  ferric  oxide.  Rose 
found  the  albuminate,  when  freshly  precipitated,  easily  soluble  both 
in  excess  of  ferric  chloride  and  in  excess  of  the  albumin  solution. 

Our  preparations  were  made  wholly  from  dialyzed  albumin,  and 
when  so  prepared  and  thoroughly  washed  the  compound  was  found 
almost  wholly  free  from  adhering  salts,  so  much  so  that  after  a 
few  trials  we  deemed  it  unnecessary  to  make  the  determinations 
of  iron  other  than  by  simple  ignition  and  weighing  as  ferric 
oxide. 

Following  are  some  of  our  results : 


Series   I. 

With  Fe,Cl^ 

No. 

Amt.  sub.  taken. 

Wt.  Fo,Os. 

Per  cent.  FcaOa. 

Per  cent.  Fe. 

la 

0-7088  gram. 

0  0094  gram 

1-88 

0-92 

b 

0-6480 

0-0086 
Series   II. 

1-88 

0-98 

la 

0-4688 

0-0052 

1-11 

0-76 

b 

0-3854 

0-0042 

1-08 

0-76 

*  PoggendorfE's  Anoalen,  xxviii,  p.  140,  1833. 
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Series  III. 

No. 

Amt.  sub.  taken. 

Wt  FeaOa. 

Per  cent.  FeaOa. 

Per  cent. 

la 

0-4710 

0-0071 

1-50 

1-04 

b 

0-5829 

00088 

1-55 

1-08 

%a 

0-7887 

0-0100 

1-86 

0-94 

b 

0-6855 

0-0087 
Series   IV. 

1-86 

0-94 

\a 

0-4862 

0-0068 

1-80 

0-90 

b 

0-5558 

0-0078 

1-81 

'  0-91 

2a 

0-5115 

0-0070 

1-86 

0-95 

b 

0-4954 

00066 

1-88 

0-92 

3a 

0-4505 

0-0068 

1-89 

0-97 

b 

0-4610 

0*0066 

1-48 

0-99 

4a 

0-4817 

0-0071 

1-47 

1-01 

b 

0-4571 

0-0065 

1-44 

0-98 

5a 

0-4819 

0-0065 

1-84 

0-98 

b 

0-8846 

0-0051 

1-88 

0-98 

6a 

0*4086 

00059 

1-45 

1-00 

b 

0*8892 

0-0048 

1-41 

0-97 

la 

0-8814 

0-0050 

1-82 

0-91 

b 

0-4107 

0-0058 

1-29 

0-90 

8a 

0-4452 

00058 

1-30 

0-91 

b 

0-4888 

0-0065 

1-84 

0-92 

These  results  show  a  fairly  close  agreement  with  one  single  excep- 
tion, iy  which  case  the  percentage  of  iron  is  nearly  0-25  below  the 
average.  The  average  percentage,  moreover,  of  ferric  oxide  is  just 
about  one-half  that  found  by  Rose.  Further,  the  average  percentage 
of  iron  (Fe)  corresponds  very  closely  with  the  average  percentage  of 
Cu  in  the  copper  albuminate.  Eliminating  one  compound  with  only 
0-75  per  cent,  of  iron,  the  average  content  is  seen  to  be  0*95  per  cent. 

(CiH, „N, 30,3)4  +  Fe-H.=0-86  per  cent.  Fe. 
(C7aHn«N,*SO„)8  4-Fe-H,=l-14  per  cent.  Fe. 

As  the  iron  was  determined  by  simple  ignition  it  would  be  ex- 
pected that  the  amount  found  would  exceed  the  theoretical  amount 
somewhat;  hence  the  first  formula,  assuming  Lieberktihn's  formula 
to  be  correct,  would  be  more  closely  in  accord  with  our  results.  The 
results  obtained  indicate  further,  that  the  iron  albuminate  is  a  much 
more  stable  compound  than  the  copper  albuminate,  less  liable  to 
change  and  less  readily  affected  by  water. 


.  * 
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(d)   Zinc  Compounds, 

With  zinc  we  made  but  a  few  experiments  and  those  mainly  to  see 
whether  the  low  percentage  of  iron  found  in  the  iron  albuminate 
would  be  substantiated  by  a  corresponding  percentage  of  zinc  in  the 
zinc  albuminate.  LieberkQhn  has  prepared  and  analyzed  a  zinc 
albuminate,  made  by  the  action  of  zinc  sulphate  on  a  neutral  solu- 
tion of  alkali  albuminate,  and  he  found  the  compound  to  contain  4*66 
per  cent,  of  zinc  oxide. 

Our  preparations  were  made  by  the  action  of  a  similar  zinc  salt  on 
a  solution  of  purified  and  dialyzed  albumin.  Following  are  the 
results  obtained  with  two  preparations  made  from  two  distinct  lots 
of  albumin  : 


No. 

Amt.  sub.  taken. 

Wt.  ZnO. 

Per  cent.  ZnO. 

Per  cent.  Zn. 

la 

0-2424  gram. 

00031  gram 

1-27 

0-98 

h 

0-2888 

0-0084 

1-21 

0-97 

2a 

0-2166 

0-0028 

1-06 

0-88 

b 

0-2854 

0-0025 

1-08 

0-86 

The  average  of  these  two  results  shows  a  composition  proportional 
to  that  found  in  the  case  of  the  iron  albuminate  and  suggests  plainly 
that  if  we  have  to  deal  in  these  cases  with  a  single  albuminate  of 
constant  composition,  the  percentage  amount  of  metal  is  much 
smaller  than  formerly  was  supposed. 

Further,  the  percentage  of  zinc  found  accords  closely  with  the 
theoretical  amount  for  a  zinc  albuminate  formed  on  the  type  of  the 
copper  compound. 

(C7,H,,»N,eSO„)4  +  Zn-Ha=0-99  per  cent.  Zn. 

(e)    Uranium   Compounds, 

N.  Kowalewsky*  has  recently  called  attention  to  the  use  of  uranic 
or  uranyl  acetate  as  a  reagent  for  albuminous  matter,  and  has  shown 
that  it  is  not  only  a  good  precipitant  of  albumin  at  ordinary  temper- 
atures, but  also  that  it  is  an  extremely  delicate  one.  Further, 
Kowalewsky  states  that  the  uranyl-albumin  compound  on  ignition 
leaves  a  dark,  olive  green  ash,  composed  of  the  green  uranoso-uranic 
oxide,  U,Og.  A  determination  of  the  amount  of  this  ash  in  several 
preparations  showed  12-09  to  13*4  per  cent.,  presumably  of  17,0^. 


♦Essigsaures  Uranoxyd,  ein  Reagena  auf  Albuminstoffe.     Zeitschrirt  fur  Analj- 
tische  Chemie,  1885,  p.  551. 
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Our  preparations  were  made  by  adding  uranyl  nitrate  to  the  pre- 
pared albumin  solution  and  washing  the  precipitated  albuminate 
until  all  excess  of  uranium  was  removed.  The  uranium  in  the  dried 
preparation  was  determined  as  uranoso-uranic  oxide  (U,0  J  by  simple 
ignition.  The  results  show  a  fairly  close  agreement,  but  they  are 
undoubtedly  somewhat  too  high,  owing  to  a  small  amount  of 
adherent  ash. 

With  UO,(NO,),. 


No. 

Amt.  sub.  taken. 

Wt.  UaO,. 

Per  cent.  WO^. 

Per  cent  D. 

la 

0-5980  gram. 

0-0324  gram 

5-41 

4-59 

h 

0-5198 

0-0281 

5-41 

4-59 

2a 

0-8219 

0-0428 

5-20 

4-41 

b 

0-8081 

0-0418 

517 

4-38 

3a 

0-4392 

0-0251 

5-71 

4-84 

b 

0-5330 

0-0303 

5-68 

4-81 

ia 

0-8183 

0-0427 

5-22 

4-43 

b 

0-7576 

0-0394 

5-20 

4-41 

5 

0-6985 

00367 

5-25 

4-46 

6a 

0-4269 

00247 

5-78 

4-90 

b 

0-5496 

0-0313 

5-70 

4-83 

These  results  plainly  do  not  accord  at  all  with  Kowalewsky's.  On 
the  other  hand  they  do  agree  fairly  well  with  each  other,  and  would 
seem  to  indicate  a  reasonably  constant  composition  of  the  uranyl- 
albumin  precipitate. 

The  average  of  the  results  obtained,  accords  most  closely  with  the 

formula 

(C7.H„,Ni,S0„),  +  U-H. 

which  requires  4'73  per  cent.  U. 

(f )  Mercury  compounds, 

Bv  the  addition  of  an  excess  of  mercuric  chloride  solution  to 
an  aqueous  solution  of  egg-albumin,  an  albuminate  of  mercury  is 
formed,  insoluble  in  excess  of  the  mercury  salt.  The  compound  can 
be  easily  filtered  and  admits  of  thorough  washing  with  water.  Rose 
first  proved  that  the  precipitate  formed  as  above,  is  a  compound  of 
mercury  with  albumin,  instead  of  a  compound  of  the  mercury  salt 
with  albumin  as  supposed  by  Bostock  and  Orfila. 

We  have  made  a  few  preparations  of  the  albuminate  by  adding  a 
moderately  strong  aqueous  solution  of  mercuric  chloride  to  portions 
of  the  dialyzed  albumin  solution  and  washing  the  precipitates 
thoroughly  with  water.     The  mercuty  in  the  albuminate  was  deter- 
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mined  by  ignition  in  a  combastion  tube  with  quick  lime,  with  a  pos- 
terior layer  of  calcium  carbonate  and  sodium  bicarbonate.* 

The  mercury  distilled,  was  collected  in  water  and  after  thorough 
washing  with  alcohol  to  remove  hydrocarbons,  etc.,  was  diied  and 
weighed. 

Following  are  the  results  of  our  analyses  of  the  several  prepara- 
tions made. 


No. 

Amt.  Sub. 

taken. 

Wt  Hg. 

Per  cent.  Hg 

la 

0-8050  gram. 

0-0226  gram. 

2-80 

h 

0-8782 

0-0274 

818 

2a 

0-7687 

0-0215 

2-82 

b 

0-7857 

0-0201 

2-78 

9a 

0-5088 

0-0150 

2-96 

b 

0-6261 

00167 

2-66 

4a 

0-9152 

0-0800 

8-28 

b 

0-8608 

0-0270 

817 

5a 

0-8492 

0-0218 

2-56 

b 

0-8610 

0-0287 

2-75 

6a 

0-9674 

0-0284 

2-93 

The  average  content  of  mercury  is  2*89  per  cent.  The  theoretical 
amount  for  (C„H„,N„SO„),  +  Hg— H,  is  3-00  per  cent 

(g)  Silver  compounds. 

Silver  nitrate  is  a  well  known  precipitant  of  albumin,  and  Lieber- 
kuhn,f  many  years  ago,  assigned  to  silver  albuminate  a  definite 
formula,  calling  for  6-67  per  cent,  of  silver  oxi<]e.  The  preparation 
made  by  him  from  egg-albumin  was  found  to  contain  6*55  per  cent, 
of  silver  oxide  =  to  6*27  per  cent,  of  Ag.  Mulder, J  likewise,  work- 
ing with  alkali-albuniinate,  found  that  by  neutralizing  the  solution 
as  nearly  as  possible  with  acetic  acid,  and  then  precipitating  with 
silver  nitrate,  the  silver  albuminate  so  prepared  contained  6' 1 4  per 
cent,  of  silver  oxide. 

Fuchs§,  using  ordinary  egg-albumin  instead  of  alkali-albuminatey 
found  only  half  as  much  silver  (3*28  per  cent.  Ag),  while  O.  Loew,|| 
working  with  purified  egg-albumin,  found  still  smaller  percentages 
of    silver   in   the   albuminate   made   by   him.      Using    an   albumin 


*  See  Fresenius,  Quantitative  Chemical  Aualysid. 

f  Poggendorffa  Annalen,  1852,  vol.  clxii,  p.  123. 

\  See  Berzolius'  Lehrbuch  der  Chemie,  vol.  ix,  p.  49. 

§  Annalen  d.  chem.  u.  Pharm.,  Band  cli,  p.  372. 

I  PHiiger's  Archiv  fiir  Pliysiologie,  Band  xxxi,  p.  393 ;  Qeber  Eiweiss  und  PeptOD. 
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solution  purified  simply  by  three  days'  dialysis,  Loew  found  that  a 
1  per  cent,  solution  of  silver  nitrate  gave  no  precipitate  whatever 
in  a  5  per  cent,  solution  of  albumin.  On  adding  a  little  dilute 
sulphuric  acid  to  the  albumin  solution,  however,  and  then  pouring 
the  mixture  into  the  silver  solution  a  precipitate  was  obtained, 
which  on  thorough  washing  and  drying  was  found  to  contain  2*17 
per  cent,  of  Ag;  while  a  second  preparation  made  by  using  a  little 
less  sulphuric  acid  contained  2*40  per  cent,  of  Ag.  By  precipitat- 
ing the  albumin  solution  directly  with  a  5  per  cent,  solution  of  silver 
nitrate,  without  the  addition  of  any  acid,  the  albuminate  was  found 
to  contain  in  one  case  4*39  per  cent.  Ag,  in  a  second  case  3-91 
per  cent.  Ag.  Dissolving  the  freshly  precipitated  albuminate  formed 
in  this  manner,  in  dilute  ammonia  and  then  reprecipitating  it  by  the 
addition  of  dilute  sulphuric  acid  to  slight  acid  reaction,  the  albumin- 
ate was  found  to  contain  4*64  per  cent,  of  Ag. 

Loew  sees  in  these  results  a  confirmation  of  Harnack's  views  as  to 
the  copper  albuminates,  and  an  assurance  that  the  molecular  weight  of 
albumin  corresponds  to  Lieberktlhn's  formula  three  times  enlarged. 

Using  an  albumin  solution  purified  as  in  our  previous  experiments 

and  adding  to  it  a  10  per  cent,  solution  of  silver  nitrate  as  long  as  a 

precipitate  was  formed,  four  distinct  series  of  albuminates  were  made* 

representing  four  distinct  preparations  of  egg-albumin.     These  were 

all  washed  free  from  silver  and  also  from  any  adhering  albumin,  dried 

at  110°  C.  until  of  constant  weight  and  the  silver  determined  by 

simple  ignition. 

Series  I. 


No. 

Amt.  Sub. 

taken. 

Wt.  Ag. 

Per  cent  Ag. 

la 

0-5900  gram. 

00242  gram. 

4-10 

h 

0-5625 

0-0230 

4-08 

2a 

0-5760 

0-0280 

4-11 

b 

0-7548 

0-0805 

404 

3a 

0-9005 

0-0862 

4-02 

b 

0-7973 

Sebiks 

0-0825 
II. 

4-07 

la 

0-5859 

0-0245 

4-18 

b 

0-6967 

0-0290 

4*16 

2a 

0-9478 

00885 

4-06 

b 

0-6621 

0-0270 

4-07 

3a 

0-6455 

0-0266 

412 

b 

0-7000 

0-0285 

4-07 

*  The  silver  compounds  were  all  made  and  analyzed  by  Mr.  T.  S.  Bronson  of  this 
laboratory. 
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Series  III. 

la 

0-5860 

0-0289 

407 

b 

0-6949 

0-0284 

4-08 

2a 

0-7090 

0-0290 

4-09 

b 

0-9058 

0-0874 

418 

9a 

0-5980 

0-0247 

4-18 

b 

0-8000 

00328 
Series  IV. 

4-10 

la 

0-6217 

0-0800 

4-88 

b 

0-6810 

0-0881 

4-86 

2a 

0-5509 

0-0270 

4-90 

b 

0-5626 

0-0278 

4-86 

3a 

0-6955 

0-0896 

5-69 

b 

0-7515 

0-0480 

5-72 

The  figures  show  a  far  smaller  content  of  silver  in  all  of  the  prep- 
arations than  found  by  Lieberktlhn  or  Mulder.  In  three  of  the 
series,  there  is  seen  a  constancy  of  composition  which  is  quite  notice- 
able and,  further,  a  close  agreement  with  the  second  result  obtained 
by  Loew  on  adding  a  5  per  cent,  solution  of  silver  nitrate  to  the 
albumin.  In  the  last  series,  however,  the  percentage  of  silver  is 
somewhat  higher,  possibly  owing  to  incomplete  dialysis  of  the 
chlorides  and  phosphates  from  the  albumin  solution.  These  figures, 
however,  are  not  much  higher  than  the  highest  figures  obtained  by 
Loew. 

A  silver  salt  of  albumin,  of  the  composition  (C„H,j,N,gSO„), 
4- Ag,— H,  would  contain  4*28  per  cent,  of  Ag,  and  while  our  results 
ceitainly  approximate  to  this  figure,  there  is  variation  enough  to 
indicate  an  equal  possibility  of  a  mixture  of  two  or  more  com- 
pounds. With  a  molecule  of  the  size  of  the  albumin  molecule,  it  is 
possible  by  doubling  or  otherwise,  to  obtain  a  formula  corresponding 
to  almost  any  percentage  of  metal  found.  And  inasmuch  as  every 
variation*  in  the  method  of  preparing  the  albuminate  tends  to  alter 
its  composition,  it  seems  worse  than  useless  at  present,  to  lay  much 
stress  on  the  exact  constitution  of  the  silver  albuminate.  A  large 
number  of  albuminates  are  of  course  possible,  but  until  we  know 
more  definitely  how  to  separate  one  from  another,  we  have  no  guaran- 
tee of  the  simple  nature  of  any  one. 


*  Loew  states  that  he  has  prepared  a  silver  albuminate  containing  10-7  per  cent. 
Ag,  corresponding  nearly  to  6  atoms  of  silver,  and  that  it  is  possible  to  prepare  album- 
inates still  richer  in  silver. 
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Examining  now,  all  of  the  results  obtained,  we  find  the  following 
average  composition  of  the  albuminates  studied  : 


Copper  compound, 

0-94  per 

cent. 

Cu 

Iron  compound, 

0-95    " 

Fe* 

Zinc  compound, 

0-91    " 

Zn 

Lead  (neutral  salt)  compound, 

2-56    *' 

Pb 

Uranyl  compound, 

4-60    •* 

U 

Silver  compound, 

409    ** 

Agt 

Mercury  compound, 

2-89    " 

Hg 

li 

4( 


0-86 

Fe 

0-99 

Zn 

2-50 

Pb 

4-78 

U 

4-28 

-         Ag 

8-00 

'         Hg 

Accepting  Lieberktlhn's  formula  of  albumin  as  correct,  then  the 
following  formulfe  accord  most  closely  with  the  above  percentages. 

(C7jHinNiiSO«9)4  +  Cu— H«  requires  0'96  per  cent.  Cu 
(C7,H,„N,*SO„)4  +  Fe-H, 
(CT.H,,.N,.SO„)4  +  Zn-H8 
(C„Hx„N,»S0„)6  +  Pb-H, 
(C„Hx„N,«SO„),  +  U-H. 

(C7,H„,N.sSOaa),  +  Agv-Ha 

(C7,H„,N,30„)«  +  Hg-H,       *• 

We  do  not,  however,  lay  much  stress  upon  the  accuracy  of  these 
formulae.  The  results  obtained  in  our  study  of  these  metallic  com- 
pounds do  by  chance  accord  with  them,  and  inasmuch  as  Loew  and 
Harnack  are  disposed  to  treble  Lieberktlhn's  formula  for  albumin,  on 
the  basis  of  the  composition  of  the  copper  and  silver  albuminates, 
made  by  them  respectively,  we  present  our  results  as  evidence  that 
there  are  equally  good  grounds  for  quadrupling  the  above  formula. 

We  believe,  however,  that  with  the  majority  of  these  albuminates 
it  is  possible  to  form  a  large  variety  of  compounds  with  the  same 
metal,  by  simply  modifying  the  conditions  of  precipitation.  This  is 
evidenced  by  Loew's  results  with  silver  albuminate  and  our  own 
with  lead  and  copper,  and  since  a  great  variety  of  compounds  are 
possible,  it  is  equally  possible  that  in  many  cases  we  may  have  to  do 
with  mixtures  of  such  compounds,  which  would  account  for  the  great 
variability  in  composition  noticed  in  some  of  the  albuminates  and 
for  the  lack  of  agreement  in  the  results  obtained  by  different  workers. 
Coupled  with  this,  in  some  cases,  is  the  undoubted  tendency  of  the 
compounds  to  dissociation. 

II.  Myosin. 

The  myosin  employed  was  prepared  from  ox  flesh,  by  extraction 
with  a  15  per  cent,  solution  of  ammonium  chloride,  after  the  tissue 

*  Excepting  one  very  low  result  f  Kxoepting  the  last  series  of  compounds. 

Trans.  Ck)NN.  Acad.,  Vol.  VII.    41  Nov.,  1886. 
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had  been  thoroughly  freed  from  salts  and  soluble  albumin  by  long 
continued  extraction  with  water.  The  myosin  was  separated  from  the 
ammonium  chloride  solution  by  dialysis,  being  obtained  in  this  man- 
ner as  a  serai-gelatinous  mass,  readily  soluble  in  salt  solutions.  In 
order  to  form  compounds  with  the  various  metals,  it  was  found  best 
to  use  a  solution  of  myosin  in  5  per  cent,  ammonium  chloride,  the 
metallir.  compound  when  formed  being  washed  with  water  until  the 
washings  gave  no  reaction  for  chlorine  with  silver  nitrate.  The  com- 
pounds were  then  dried,  first  at  100°  C,  then  at  110°  C,  until  of 
constant  weight.  Control  experiments  with  the  metallic  salt  and 
ammonium  chloride  alone,  invariably  failed  to  give  any  precipitate 
whatever. 

No  systematic  attempt  has  apparently  been  made  to  study  any  of 
the  metallic  compounds  of  myosin ;  in  fact,  few  statements  are  to  be 
found  regarding  the  existence  of  such  compounds.  Danilewsky* 
some  time  ago,  showed  that  myosin  would  combine  with  free  mineral 
acids,  uniting  with  them  so  that  with  tropaeolin  00  no  reaction  for 
free  acid  could  be  obtained.  With  strong  bases,  however,  according 
to  Danilewsky,  myosin  does  not  probably  combine,  and  the  state- 
ment is  further  made  that  a  small  amount  of  calcium  oxide  ordinarily 
exists  loosely  combined  with  myosin,  which  calcium  by  coagulation 
of  the  myosin  is  liberated.  Further,  Danilewsky  found  that  on 
adding  platinum  chloride  in  excess,  to  a  dilute  hydrochloric  acid 
solution  of  myosin,  a  myosin-platinum  chloride  compound  was  pre- 
cipitated, which  after  washing  with  water  and  alcohol  and  then 
drying  at  100-105®  C,  contained  9*46  per  cent,  of  platinum  and  7*26 
per  cent,  of  chlorine.  With  copper,  iron  and  similar  salts  we  have 
not  been  able  to  obtain  any  precipitate  in  a  hydrochloric  acid  solu- 
tion of  myosin.  By  adding,  however,  a  solution  of  a  metallic  salt 
of  such  a  nature  that  it  does  not  react  with  ammonium  chloride, 
to  an  ammonium  chloride  solution  of  myosin,  a  precipitate  is  pro- 
duced, which  as  our  experiments  show,  is  ordinarily  a  compound  of 
myosin  with  the  metal  or  metallic  oxide.  This  Is  readily  seen 
by  adding  either  zinc  sulphate  or  ferric  chloride  to  such  a  solution 
of  myosin  and  then  washing  the  precipitates  with  water,  until  the 
washings  give  no  reaction  for  chlorine  or  for  sulphuric  acid.  On 
now  warming  the  iron  precipitate  with  dilute  nitric  acid,  a  solu- 
tion will  be  obtained,  giving  a  distinct  iron  reaction  but  no  reaction 
with  silver  nitrate  for  chlorine.     Similarly  on  warming  the  zinc  pre- 


♦  Zeitschrift  fiir  physiologische  Chemie,  v,  p.  160. 
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cipitate  with   hydrochloric  acid,  the  solution  gives  no  reaction  for 
sulphuric  acid  with  barium  chloride. 

With  cupric  sulphate  and  cupric  acetate  the  same  is  ordinarily- 
true.  It  is  possible,  however,  to  prepare  a  myosin-copper  compound 
in  which  cupric  sulphate  appears  to  unite  directly  with  the  myosin. 

(a.)   Copper  compounds. 

By  adding  either  cupric  sulphate  or  cupric  acetate  to  a  neutral 
ammonium  chloride  solution  of  myosin,  a  heavy  greenish  colored 
precipitate  is  obtained,  which  when  freshly  formed  and  after  thor- 
ough washing  with  water,  so  that  the  washings  are  entirely  free 
from  clilorine  and  from  copper,  shows  the  following  reactions.  It  is 
insoluble  in  moderately  strong  nitric,  hydrochloric  or  sulphuric  acid. 
The  compound,  however,  is  immediately  broken  up  by  the  action  of 
acids,  the  copper  being  completely  removed,  leaving  the  myosin  as  an 
insoluble  residue  having  in  the  case  of  nitric  acid  a  yellow  color,  and 
in  the  case  of  hydrochloric  and  sulphuric  acids  a  white  color.  In  acetic 
acid,  the  compound  is  more  soluble,  first,  however,  becoming  semi- 
gelatinous.  In  ammonium  hydroxide,  the  compound  dissolves  slowly 
or  partially,  taking  on  a  blue  color.  In  dilute  sodium  hydroxide,  the 
compound  swells  up,  takes  on  a  purple  color,  but  does  not  dissolve. 
In  dilute  sodium  carbonate,  the  substance  is  likewise  insoluble,  but 
swells  up  and  turns  of  a  bluish  color. 

Following  are  the  results  of  the  analyses  of  the  various  prepara- 
tions made.  The  compounds  were  in  every  case  composed  simply  of 
the  metallic  oxide  and  myosin.  Copper  was  determined,  as  in  the  case 
of  the  albumin  compounds,  by  simple  ignition  and  weighing  as  oxide. 
In  order  to  ascertain  how  much  ash  was  retained  by  the  myosin 
compound,  a  few  duplicate  determinations  of  copper  were  made  by 
dissolving  the  oxide  after  ignition,  and  precipitating  the  copper  as 
sulphide  and  weighing  as  subsulphide,  after  ignition  with  a  little 
pure  sulphur  in  a  current  of  hydrogen  gas. 


Series 

I. 

With  CuSO,. 

No. 

\a 

b 

A  rat.  Sub. 
takeD. 

0-5426  gram. 

0-7176 

Wt.  CuO. 
00074  gram. 
0-0097 

Per  cent. 
Cu. 

1-08 

1-07 

Wt.  Cu,S. 
0-0056  gram. 
0-0078 

Per  cent. 
Cu. 

0-81 

0-80 

'2a 
b 

0-6859 
0-5788 

0-0087 
0-0078 

1-08 
1-08 

0-0071 
0-0061 

0-88 
0-88 

• 
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^0. 

8a 
b 

Amt.  Sub. 
taken. 

0-5428  gram. 

0-6241 

Wt.  CuO. 
0-0072  gram. 
0-0082 

Per  cent 
Cu.         Wt.  Cu,S. 

1-05       0-0061  gram. 

1-06       0-0068 

Percent 
Cu. 

0-78 

0-80 

4a 
b 

0-6771 
0-4456 

00109 
0-0081 

1-50 
1-48 

5 

0-8527 

00046 

1-02 

6a 
b 

0-4401 
0-5708 

0-0062 
0-0083 

1-11 
1-18 

• 

Sebibs 

[1. 

With  CuSO,. 

No. 

la 

b 

Amt.  Sab.  taken. 
0*7425  gram. 
0-7468 

t 

WL  CuO. 
0-0059  gram. 
0-0060 

Per  eent.  CuO. 
0-79 
0-81 

Per  cent.  Gu 
0-68 
0-64 

2a 
b 

0-7785 
0-7767 

0-0057 
0-0056 

0-78 
0-72 

0-57 
0-58 

3a 
b 

0-6488 
0-4886 

0-0052 
0-0041 

0-94 
0-94 

0-74 
0-78 

4a 
b 

0-M77 
0-8160 

00085 
0-0074 

0-89 
0-91 

0-74 
0-78 

6a 
b 

0-8622 
0-8466 

With  Cu(C,H,0,).. 

0-0188 
0-0188 

1-56 
1-62 

1-24 
1-29 

6a 
6 

0-6589 
0-6672 

0-0124 
0-0128 

1-88 
1-87 

1-60 
1-50 

7a 
b 

0-8673 
0-7120 

0-0156 
0-0129 

1-79 
1-81 

1-42 
1-44 

Sbbibs  111. 

With  CuSO,. 

No. 

la 

b 

Amt.  Sub.  taken. 
0-7218  gram. 
0-6584 

* 

Wt.  OuO. 
00171  gram. 
00161 

For  cent.  CuO. 
2-87 
2-44 

Per  cent.  Cu, 
1-88 
1-94 

2a 
b 

0-7564 
0-6817 

0-0168 
0-0156 

2-22 
2-29 

1-77 
1-83 

8a 
b 

0-7820 
0-6218 

0-0189 
0-0154 

2-41 
2-48 

1-91 
1-97 

4a 
b 

0-7187 
0-5868 

00144 
00124 

2-01 
2-11 

1-61 
1-68 

5a 
b 

0-7782 

0-7407 

0-0164 
0-0161 

2-12 
2-18 

1-68 
1-74 

6a 
b 

0-7447 
0-7429 

0-0188 
00188 

2-46 
2-58 

1-96 
2-01 
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With  Cu(C,H,0,),. 

No. 

Amt  Sab.  taken. 

Wt.  CuO. 

Per  cent.  CuO. 

Per  cent 

7a 

0-7860  gram. 

0-0161  gram. 

2-18 

1-78 

b 

0-7088 

0-0154 

2-17 

1-78 

8a 

0-7789 

0-0174 

2-24 

1-78 

b 

0-8111 

00181 

2-28 

1-77 

9a 

0-7876 

0-0169 

2-29 

1-81 

b 

0-6155 

0-0188 

2-24 

1-78 

10a 

0-7816 

0-0191 

2-44 

1-94 

b 

0-8774 

0-0213 

2-48 

1-98 

11a 

0-8048 

0-0170 

211 

1-67 

b 

0-8808 

0-0174 

2-10 

1-67 

12a 

0-6780 

00150 

2-21 

1-75 

b 

0-7695 

0-0168 

2-18 

1-74 

Comparing  these  results  with  one  another,  there  is  to  be  seen  a 
very  noticeable  lack  of  agreement  in  composition,  and  farther  it  is 
to  be  seen  that  the  myosin-copper  compound  has  on  an  average  a 
somewhat  higher  content  of  copper  than  the  albumin-copper  precipi- 
tate. The  average  composition  of  all  the  copper  myosins  shows  about 
1*42  per  cent,  of  Cu,  and  deducting  0-25  per  cent,  of  ash,  the  average 
content  of  Cu  would  be  1*17  per  cent.  Examining  the  individual 
results,  it  is  apparent  that  the  compounds  made  from  the  same  myosin 
solution  are  approximately,  at  least,  the  same  in  composition  and 
without  doubt  the  difference  in  the  composition  of  compounds  made 
from  different  mvosin  solutions  is  due  to  variation  in  the  concentra- 
tion  of,  and  possibly  also  in  the  reaction  of,  the  myosin-containing 
fluid.  It  would  appear  as  if  variations  in  the  conditions  of  precipita- 
tion made  a  greater  difference  in  the  case  of  the  myosin-copper  com- 
pounds than  in  the  compounds  of  copper  with  albumin.  Several 
times,  also,  we  have  found  that  our  myosin-copper  precipitate  con- 
tained sulphuric  acid,  even  after  thorough  washing  and  when  the 
wash -water  was  proved  to  be  entirely  free  from  any  reaction  with 
barium  chloride. 

One  such  compound,  after  drying  at  110°  C,  was  analyzed  with 
the  following  results : 

0-7240  gram  substance*  gave  00848  gram  BaS04  =  1-68  per  cent.  SO.. 
0-8420  gram  substance  gave  0-0881  gram  BaS04   =  1*78  per  cent.  SO.. 
0-4705  gram  substancef  gave  0-0084  gram  CuO     =  1-78  per  cent.  CuO. 
0-6011  gram  substance  gave  0-0107  gram  CuO       =  1*78  per  cent.  CuO. 


*  Roasted  and  then  ifcnited  with  pure  sodium  carbonate,  the  residue  dissolved  in 
hot  water  acidified  with  hydrochloric  acid  and  precipitated  with  barium  chloride. 

f  Ignited,  the  residue  dissolved  in  nitric  acid,  precipitated  with  hydrogen  sulphide, 
etc. 
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The  molecular  weight  of  CuO  and  SO,  being  the  same,  it  is  evident 
that  the  two  are  present  in  just  the  proportion  to  form  cupric  sul- 
phate. 

h.    Iron  compounds. 

By  adding  a  solution  of  ferric  chloride  to  an  ammonium  chloride 
solution  of  myosin,  a  semi-gelatinons  precipitate  is  formed  of  a  red- 
dish yellow  color,  and  consisting  of  a  combination  of  myosin  and 
oxide  of  iron.  The  compound  when  thoroughly  washed  contains  no 
chlorine.  When  freshly  precipitated,  it  is  partially  soluble  in 
dilute  ammonium  hydroxide,  as  also  in  sodium  hydroxide,  the  residue 
becoming  gummy  or  gelatinous  and  brownish  yellow  in  color.  It 
swells  up  in  sodium  carbonate,  but  is  insoluble.  In  nitric  acid  the 
compound  turns  yellow,  but  is  wholly  insoluble  and  does  not  swell 
up.  In  hydrochloric  and  also  in  sulphuric  acid  the  compound  is  like- 
wise insoluble.  In  acetic  acid,  however,  it  is  soluble  completely, 
forming  a  semi-gelatinous  fluid.  In  this,  as  in  other  metallic  com- 
pounds of  myosin,  acids  simply  dissolve  out  the  metal  and  then 
exei-t  their  usual  action  on  the  myosin.  The  various  preparations, 
washed  free  from  iron  and  chlorine,  and  dried  at  110°  C.  were 
analyzed  with  the  following  results : 


Sebies  I. 

No. 

Amt.  Sub.  taken. 

Wt.  Fe,0,. 

Per  cent.  FoaOj. 

Per  cent 

\a 

0-7046  gram. 

0.0194  gram. 

2-76 

1-98 

a 

0-7021 

0-0193 

2-74 

1-92 

2a 

0-3762 

0-0128 

3-40 

2-38 

b 

0-3623 

0-0121 

3-33 

2-33 

da 

0-5837 

0-0141 

2-42 

1-69 

b 

0-5618 

0-0137 

2-43 

1-70 

4a 

0-5438 

0-0177 

3-25 

2-26 

b 

0-6088 

0-0197 

3-24 

2-26 

5a 

0-4761 

0-0140 

2-95 

206 

b 

0-3381 

0-0100 

2-95 

2-07 

6a 

0-5101 

0-0173 

3-40 

2-37 

b 

0-5927 

0-0194 
Series  II. 

8-28 

2-29 

1 

0-4847 

0-0188 

3-87 

2-70 

2 

0-3200 

0-0115 

3-59 

2-51 

8 

0-4118 

00153 

3-72 

2-59 

4 

0.5205 

0-0184 

8-53 

2-45 
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No. 

Ami  Sub.  taken. 

Wt  Fe,0,. 

Per  cent.  FeaOs. 

Per  cent 

5a 

0*4551  gram. 

0-0167  gram. 

8-68 

2-57 

b 

0-8668 

0-0187 

8-73 

2-61 

6a 

0-8788 

00138 

3-64 

2-53 

h 

0-8675 

0-0131 

3-57 

2-50 

7a 

0-4284 

0-0148 

8-34 

2-33 

b 

0-4041 

00186 
Series  III. 

3-87 

2-36 

If  ith  a  large 

excess  of  ferric  chloride. 

\a 

0-4885 

0-0269 

613 

4-29 

b 

0-6989 

0-0486 

6-27 

4-38 

In  none  of  these  preparations  was  there  any  attempt  made  to  add 
a  definite  amount  of  ferric  chloride,  but  the  iron  salt  was  added  until 
a  good  precipitate  was  obtained.  Undoubtedly,  the  amount  of  iron 
salt  added,  modifies  materially  the  composition  of  the  compound.  In 
series  III  it  is  seen  that  the  content  of  iron  is  about  double  the  aver- 
age amount  contained  in  the  other  preparations.  The  average 
amount  of  iron  (Fe)  in  the  first  two  series  of  compounds  is  2*29  per 
cent. 

c.     Zinc  compounds. 

With  zinc  sulphate,  myosin  is  thrown  down  from  its  ammonium 
chloride  solution  as  a  heavy  gelatinous  precipitate.  Like  the  iron 
compound  it  is  partially  soluble  in  sodium  and  ammonium  hydroxides, 
swelling  up  to  a  gelatinous  mass.  It  is  insoluble  in  nitric,  hydro- 
chloric and  sulphuric  acids,  but  is  partially  soluble  in  acetic  acid.  In 
composition,  it  is  seen  to  be  very  closely  allied  to  the  zinc  albu- 
minate. Following  are  the  results  obtained  by  analysis  of  the  dried 
compounds : 


Sbbibs  I. 

No. 

Amt  Sub.  taken. 

Wt.  ZnO. 

Per  cent.  ZnO. 

Per  cent. 

la 

0-6108  gram. 

0-0049  gram. 

0*81 

0-64 

b 

0*6619 

00055 

0-88 

0-66 

2a 

0-6611 

0*0047 

0-71 

0-57 

b 

0-8006 

0-0059 

0-78 

0-59 

8a 

0-4666 

0*0046 

0-99 

0-79 

b 

0-4494 

0*0044 

0*99 

0-79 

4a 

0-5936 

0*0048 

0-80 

0*64 

b 

0*6926 

0*0056 

0-79 

0-68 
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Series  II. 

No. 

Amt.  Sub.  taken. 

Wt.  ZnO. 

Per  cent.  ZnO. 

Per  cent  Zn 

la 

0*6258  gram. 

0-0051  gram. 

0-82 

0*65 

h 

0-6618 

0-0054 

0-81 

0*65 

2a 

0-5815 

0-0064 

1-21 

0-97 

h 

0-5485 

00065 

1*18 

0  94 

Sa 

0-7d25 

0-0064 

0-81 

0-65 

b 

0-6918 

00057 

0-88 

0-66 

4a 

0-4858 

0-0062 

1-27 

102 

b 

0-5818 

0-0066 

1*24 

0-99 

5a 

0*6685 

0-0056 

0-85 

0-68 

b 

0-6504 

00050 

0-76 

0*61 

6a 

0-6268 

0-0056 

0-87 

0-70 

b 

0*6689 

00059 

0-88 

0-71 

The  average  content  of  zinc  (Zn)  is  0*72  per  cent.  Unlike  the  iron 
and  copper  com  pounds,  there  is  here  less  variation  in  the  oomi)OsitioQ 
of  the  various  preparations. 

d.     Nickel  and  cobalt  compounds. 

The  extremely  low  percentage  of  zinc  in  the  zinc-myosin  com- 
pounds, as  contrasted  with  the  iron  in  the  iron  compounds,  led  us  to 
make  a  nickel  and  cobalt  preparation  for  the  sake  of  comparison. 
The  results,  in  both  cases,  accord  more  nearly  with  those  of  the  iron 
compound,  for  although  containing  a  higher  percentage  of  metal 
than  the  latter,  it  was  necessary  to  prepare  them  both  under  just 
such  conditions  as  in  the  iron  compound  led  to  the  highest  percent- 
age of  iron,  viz:  a  large  excess  of  the  precipitant.  Following  are 
the  analytical  results  obtained  with  both  substances: 

With  Ni  (NO,),. 

No.  Amt.  Sub.  taken.  Wt.  NiOg.  Per  cent.  NiO^.        Per  cent.  Ni. 

Itt  0-6165  gram.  0  0045  gram.  7*29  4*71 

b  0-7016  00051  7*26  470 

With  CO  (NO,),. 


la 

0-6479 

0-0064 

9-95 

6-45 

b 

0-6696 

0*0065 

9-70 

6-28 

2a 

0-6451 

0-0056 

8-75 

6-67 

b 

0-6842 

0*0060 

8-84 

5*72 
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e.     Uranium  compounds. 

The  addition  of  uranyl  nitrate  to  an  aramoniam  chloride  solution 
of  myosin  produces  a  heavy  gelatinous  precipitate  of  a  uranyl-rayosin 
compound,  which  in  solubility  resembles  the  other  myosin  prep- 
arations. Washed  free  from  excess  of  uranyl  nitrate  and  from 
ammonium  chloride  and  then  dried  at  110°  C,  the  various  prepara- 
tions yielded  on  analysis  the  following  results,  the  uranium  being 
determined  by  simple  ignition  and  weighing  as  uranoso-uranic  oxide: 


Sbbibs  I. 

No. 

Amt.  Sub  taken. 

Wt.  UaOs. 

Per  cent.  U|Os. 

Per  cent 

la 

0*6878  gram. 

0-0489  gram. 

7-67 

6-51 

6 

0-6886 

00526 

7-69 

6-58 

2a 

0-7081 

00592 

8-86 

7-09 

b 

0-7689 

0-0655 

8-51 

7-22 

8a 

0-6418 

0-0586 

9-18 

7-75 

h 

0-7809 

0-0715 

9-16 

7-78 

ia 

0-6621 

0-0541 

8-17 

6-98 

h 

0-7455 

0-0608 

8-15 

6-91 

5a 

0-7535 

0-0668 

8-81 

7-48 

b 

0-6964 

0-0615 

8-88 

7-50 

6a 

0-7208 

0-0590 

8-18 

6-94 

h 

0-7489 

0-0607 

8-15 

6-91 

la 

'     0-6648 

0-0527 

7*92 

6-72 

b 

0-7101 

0-0565 
Series  II. 

7-96 

6-76 

la 

0-8786 

0-0887 

9-58 

8-18 

b 

0-8570 

00820 

9-57 

8-12 

2a 

0-5857 

0-0598 

1012 

8*59 

b 

0-7088 

0-0715 

10-09 

8-56 

Sa 

0-5715 

0-0568 

9-94 

8*44 

b 

0-6958 

0*0688 

9-89 

8-40 

4a 

0-6929 

0.0556 

8-02 

6-82 

b 

0-7667 

0*0615 

8-02 

6-82 

5tt 

0-8081 

00874 

10-88 

9-28 

b 

0-8272 

0-0901 

10-89 

9-24 

6a 

0-7084 

0*0558 

7-86 

6-67 

b 

0-6810 

0-0540 

7-92 

6-72 

These  results  show  a  variation  in  the  content  of  uranium,  amount- 
ing to  nearly  3  per  cent.  (6*5 1-9*24  per  cent.)     Further,  a  compari- 
Traxs.  Conn.  Acad.,  Vol.^VII.    42  Nov.,  1886. 
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son  of  the  two  series  shows  plainly  that  there  is  something  in  the 
nature  of  the  second  myosin  solution,  which  tends  to  raise  the  content 
of  uranium  in  the  uranyl  compounds ;  probahly,  the  greater  concen- 
tration or  dilution  of  the  solution.  Evidently,  then,  the  composition 
of  the  compound  is,  in  part  at  least,  determined  by  the  conditions 
under  which  the  uranyl  salt  and  the  myosin  solution  are  brought 
together.  The  average  amount  of  uranium  contained  in  the  prepa- 
rations is  7 '49  per  cent. 

/.     Mercury  compounds. 

By  adding  a  solution  of  mercuric  chloride  to  an  ammonium  chlo- 
ride solution  of  myosin,  a  heavy  gelatinous  precipitate  is  formed 
which  soon  changes  to  a  floccnlent  one.  Freed  from  the  excess  of 
mercury  salt  and  ammonium  chloride,  the  compound  is  found  to  be 
entirely  free  from  chlorine.  The  substance  is  somewhat  soluble  in 
sodium  hydroxide,  swelling  up  first  and  then  gradually  dissolving. 
Dried  at  110°  C.  and  then  analyzed,  the  following  results  were  ob- 
tained. The  mercury  was  determined  as  already  described  under 
mercury  albuminate. 


Skkies 

I. 

No. 

Amt  Sub.  taken. 

Wt.  of  Hg. 

Per  cent  Hg. 

la 

0-7609  gram. 

0-0166  gram. 

2-18 

h 

1-2911 

0-0268 

2  07 

2a 

1-2386 

0-0270 

217 

b 

0-9525 

0-0198 

2  07 

da 

Ma56 

0-0218 

1-84 

b 

0-9261 

0-0173 

1-86 

4a 

1-3504 

• 

0-0257 

1-90 

b 

0*9332 

Series 

0-0178 
II. 

1-90 

1 

0-8917 

0-0241 

2-70 

2 

1-1196 

00310 

2-77 

3a 

0-9587 

0-0271 

2-84 

b 

0-8818 

0-0259 

2-93 

4 

0-9209 

0-0270 

2-98 

5 

0-8352 

0-0241 

2-89 

6 

0-a564 

00217 

2-53 

7a 

10696 

00344 

8-22 

b 

0-8550 

0-0264 

3-09 
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The  average  content  of  mercury  (Hg)  is  2*43  percent.  The  results 
of  each  series  show  a  fairly  close  agreement,  but  the  two  series  do  not 
compare  with  each  other  at  all.  Thus^  the  average  amount  of  mer- 
cury in  the  compounds  of  the  first  series  is  1*99  per  cent.,  while  in 
the  second  series  the  average  amount  nses  to  2*87  per  cent.  This  is 
another  good  illustration  of  the  influence  of  the  strength  of  the  solu- 
tion on  the  composition  of  the  precipitate,  and  as  in  this  case  the 
presence  of  any  ash  could  not  interfere  with  the  ultimate  result,  since 
the  mercury  was  separated  by  distillation,  it  follows  that  the  appar- 
ently higher  content  of  mercury  in  the  second  series  must  be  due  to 
combination  of  the  myosin  with  a  larger  amount  of  the  metal.  Fur- 
ther, it  has  been  claimed'*'  that  in  the  case  of  the  silver  albuminate, 
it  is  possible  under  certain  circumstances  for  the  albuminate,  when 
formed  in  a  concentrated  solution,  to  inclose  a  variable  amount  of 
albumin  mechanically,  and  thus  the  apparent  percentage  of  silver  in 
the  albuminate  be  reduced.  If  such  was  true  of  the  myosin-mercury 
compounds,  a  far  greater  variation  would  be  expected  in  the  per- 
centage of  mercury  in  the  different  preparations  of  the  same  series. 

The  following  table  of  comparisons  shows  the  average  content  of 
metal  in  the  albuminates  formed  from  the  two  kinds  oi  proteid 
matter. 


Kgg-aibumin. 

Myosin. 

Copper  compound, 

0*94  per 

cent.  Cu 

M7 

per 

cent. 

.  Cu 

Iron 

0-95      • 

Fe 

2-29 

Fe 

Zinc 

0-91 

Zn 

0-72 

Zn 

Uranyl 

4-(M) 

U 

7-49 

U 

Mercury 

2-89 

Hg 

2-43 

Hg 

Lead 

2-56 

Pb 

«  _  _  _ 

-WW* 

Silver 

409 

Ag 

»  •  .  * 

•    w    *   w 

Nickel 

4-70 

Ni 

Cobalt 

608 

Co 

Apparently,  the  two  forms  of  albuminous  matter,  the  albumin  and 
globulin,  do  not  form  corresponding  compounds  with  the  metallic 
salts  experimented  with. 


♦  See  Loew,  Pfluger's  Archiv  fQr  Physiologic,  Band  xxxi,  p.  393. 


Egg-Albumin    and    Albumoses.      Bt    R.    H.    Chittenden    and 

Percy  R.  Bolton,  Ph.B. 

Ever  since  the  albumose  bodies  were  first  separated  from  the  pro- 
ducts of  fibrin  digestion*  with  pepsin-hydrochloric  acid,  it  has  been 
our  intention,  already  expressed,  to  subject  the  various  individual 
albuminsf  to  the  action  of  purified  pepsin  under  like  conditions,  and 
thus  ultimately  to  acquire  a  comparative  knowledge  of  the  albumose 
bodies  obtainable  from  these  different  sources.  Already  the  albumose 
bodies  from  fibrin  and  the  globuloscs|  have  been  subjected  to  a  care- 
ful study  and  we  present  here  the  result  of  a  study  of  the  albumoses 
from  egg-albumin. 

In  doing  this,  we  have  to  report  at  the  same  time,  the  results  of  a 
study  of  the  composition  of  egg-albumin  itself.  For  we  have  made 
it  a  rule,  in  the  series  of  experiments  shortly  to  be  described,  to 
analyze  a  sample  of  each  lot  of  albumin  prepared  for  digestion.  In  this 
manner  we  have  obtained  data  for  a  direct  comparison  of  composition 
between  the  original  sample  of  albumin  and  the  products  formed  by 
its  digestion.  This  we  have  deemed  of  considerable  importance,  for 
the  data  so  obtained  may  throw  considerable  light  on  the  nature  of 
the  changes  involved  in  the  formation  of  the  albumoses ;  particu- 
larly, as  to  whether  they  are  hydrolytic  in  their  nature. 

Four  distinct  samples  of  albumin  were  prepared,  three  of  which 
were  prepared  in  large  quantities  and  served  as  material  for  the  subse- 
quent digestions. 

Albumin  A. 

This  was  a  preparation  of  coagulated  egg-albumin,  prepared  espec- 
ially with  the  view  of  obtaining  a  product  wholly  free  from  globulin. 
The  method  employed  was  essentially  that  recommended  by  Ham- 
raarsten.g     The  whites  of  120  eggs  were  freed  from  the  yolks,  then 


*  W.  Kuhne  and  R.  H.  Chittenden,  Uober  Albumosen,  Zeitschrift  fUr  Biologie,  Band 
XX,  p.  U. 

f  W.  Kiihne  and  II.  H.  Chittenden,  Ueber  die  uachsten  Spaltungsproducte  der 
Kiweisskorper,  Zeitschrift  fiir  Biologie,  Band  xix,  p.  159. 

J  \V.  Kiihne  and  R.  11.  Chittenden.  Globulin  iind  Globulosen,  Zeitschrift  fur  Biologie, 
Band  xxii.  p.  409. 

g  See  K.  V.  Starke,  Beitrage  zur  Kenntniss  des  iSerum-  und  Rialbumins,  JahreH- 
iKjricht  fiir  Tliiorcheraie,  1881,  p.  18. 
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finely  divided  by  shaking  with  glass,  the  fluid  mixed  with  an  equal 
volume  of  water  or  more,  then  shaken  vigorously  with  air  and 
finally  filtered  through  cloth.  The  solution  so  obtained,  was  then 
saturated  with  crystals  of  magnesium  sulphate  at  20°  C,  for  the  com- 
plete removal  of  the  globulin.  The  mixture  was  filtered  through 
paper  and  the  clear  filtrate  saturated  with  sodium  sulphate.  The 
precipitated  albumin  was  then  filtered  and  washed  with  a  saturated 
solution  of  sodium  sul{>hate,  after  which  it  was  dissolved  in  water  and 
dialyzed  in  running  water  until  the  magnesium  and  sodium  sulphates 
were  entirely  removed.  The  fluid  was  then  again  filtered  and  the 
albumin  finally  coagulated  by  being  poured  into  eight  litres  of  boil- 
ing water,  slightly  acidified  with  acetic  acid.  The  great  bulk  of  the 
coagulum  so  obtained  was  at  once  placed  in  four  litres  of  0*4  per 
cent,  hydrochloric  acid,  while  a  small  sample  for  analysis  was  washed 
with  95  per  cent,  alcohol,  finally  with  absolute  alcohol  and  then 
dried,  first  at  100°  C,  and  finally  at  106°  C,  in  vacuo,  until  of  con- 
stant weight.  The  following  table  shows  the  results  of  the  analysis 
of  the  product.  The  various  determinations  were  made  as  described 
in  the  previous  articles  on  these  subjects,  the  sulphur  being  deter- 
mined by  fusion  with  potassium  hydroxide  and  potassium  nitrate  in 
a  silver  crucible,  according  to  the  method  designated  by  Hammar- 
sten*  as  la. 

Albumin  £. 

This  albumin  was  prepared  from  the  whites  of  120  eggs  by  a  some- 
what different  method.  The  albumin  solution,  after  dilution  with 
water,  was  made  very  distinctly  acid  with  acetic  acid,  and  the  heavy 
precipitate  of  globulin,  after  it  had  well  settled,  removed  by  filtration. 
The  acid  fluid  was  then  made  exactly  neutral  with  sodium  carbonate 
and  again  filtered  ;  it  was  then  thymolized  and  dialyzed  in  running 
water  for  eight  days.  A  little  globulin,  not  precipitated  by  the  acetic 
acid,  was  found  in  the  bottom  of  the  dialyzers  when  the  salts  had 
diffused  out.  This  was  filtered  off*  and  the  perfectly  clear  fluid  evap- 
oriated  at  36-45°  C,  to  perfect  ilryness.  A  sample  of  this  preparation 
was  ground  fine,  dried  at  106®  C.  in  vacuo  and  analyzed.  It  is  perhaps 
questionable,  whether  all  of  the  globulin  is  removed  by  this  method. 
The  precipitate  with  acetic  acid  was  quite  heavy,  and  as  H.  Dillnerf 
has  recently  shown  that  the  amount  of  globulin  in  egg-albumin,  as 


*  See  Zeitsclirift  fiir  physiolog.  Chemie,  Band  ix,  p.  289. 

f  Ueber  die  Globuline  im    Hiihnereiweias,  Jahresbericht  fiir  Thierchemie,  1886, 
p.  31. 
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determined  by  the  magnesium  sulphate  method,  never  reaches  1  per 
cent.,  but  averages  only  0*667  per  cent.,  it  seems  probable  that  the 
greater  portion  is  separated  by  the  acetic  acid.  Further,  DiUner  has 
found  that  on  the  dialysis  of  a  neutralized  egg-albumin  solution,  the 
matter  which  separates  out  after  a  few  days  dialysis,  is  only  in  part 
globulin,  but  consists,  in  addition,  of  a  somewhat  insoluble  body  rich 
in  sulphur.  Hence,  the  substance  which  separated  in  oar  dialyzers, 
after  precipitation  with  acetic  acid  and  neutralization,  may  not  have 
been  composed  wholly  of  globulin.  The  following  table  shows  the 
composition  of  the  uncoagulated  albumin  B. 

Albumin  C. 

This  preparation  was  much  the  same  as  albumin  B,  except  that  it 
was  finally  coagulated.  Globulin  was  separated  by  acetic  acid,  the  fil- 
trate neutralized,  again  filtered  and  the  fluid  dialyzed  in  running  water 
until  all  soluble  salts  were  removed.  The  albumin  was  tl)en  coagu- 
lated by  being  poured  into  a  large  volume  of  boiling  water  acidified 
with  acetic  acid.  A  sample,  after  drying  at  106^  C.  m  vacuo^  was 
found  to  have  the  composition  shown  in  the  accompanying  table. 

Albumin  D, 

This  sample  of  albumin  was  prepared  in  exactly  the  same  manner 
as  albumin  A ;  the  globulin  removed  by  magnesium  sulphate,  the 
albumin  precipitated  by  sodium  sulphate  and  after  dialysis,  coagu- 
lated as  already  described.  Its  composition  is  shown  in  the  follow- 
ing table. 

Comparing  now,  the  results  of  the  analysis  of  these  four  samples  of 
albumin,  it  is  seen  that  the  first  three  agree  almost  exactly  in  com- 
position, while  the  fourth  shows  a  somewhat  lower  content  of  carbon. 


A 

B 

C 

D 

Average, 

c 

52-21 

52-38 

52-46 

51-74 

52-18 

H 

6-96 

6-98 

7-00 

6-81 

6-93 

N 

15-80 

15-89 

15-88 

15-68 

15-81 

S 

1-94 

1-88 

1-69 

202 

1-87 

0 

23-09 

22-97 

22-97 

23-75 

23-21 

Ash 

0-37 

1-11 

0-17 

0-45 

Further,  the  coagulated  products  (A  and  C)  do  not  differ  at  all  in 
composition  from  the  non-coagulated  albumin  B. 

SchUtzenberger,*  as  a  result  of  his  work  on  proteid  matter,  ascribed 


*  Bulletin  de  la  Societe  Chimique  de  Paris,  T.  23  et  24. 
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to  albumin  the  formula  Cj^^Hg^^N^^O^^S,,  which  requires  a  content  of 
carbon  not  far  different  from  the  average  of  our  results,  but  which 
on  the  other  liand  demands  a  content  of  nitrogen  nearly  1  per  cent, 
higher  than  we  found.  The  well-known  Lieberktlhn's  formula  requires 
53*59  per  cent,  of  carbon,  or  1  per  cent,  more  than  was  found  in  our 
highest  result.  Harnack's  formula  for  albumin,*  Cj^^H^jN^jO^S^,  with 
a  molecular  weight  of  4618,  based  on  a  study  of  the  copper  compounds 
of  albumin,  requires  too  high  a  content  of  carbon  and  altogether  too 
low  a  percentage  of  sulphur.  Lieberktlhn's  formula  requires  1*98  per 
cent,  of  sulphur,  while  Harnack's  formula  requires  only  1*39  per  cent. ; 
and  as  this  was  one  of  the  main  points  on  which  Harnack  based  his 
formula,  it  is  well  to  consider  it.  Our  lowest  result  on  sulphur  is  1  -69 
per  cent.,  and  as  the  other  three  show  a  close  agreement,  it  is  proba- 
ble that  the  former  is  somewhat  too  low.  The  average  of  our  results, 
however,  is  but  0*04  per  cent,  higher  than  found  by  Lieberktlhn.  O. 
Loewf  has  recently  considered  this  question,  and  he  found  on  deter- 
mining the  sulphur  in  coagulated  egg-albumin  by  a  modificntion  of 
Piria  and  Schiff's  method,  1*70  and  1'87  per  cent,  of  sulphur  respect- 
ively. O.  Nasse,J  likewise,  found  in  coagulated  albumin  a  content  of 
1*72  per  cent,  ol  sulphur,  and  lastly,  Hamraarsten§  found  in  non- 
coagulated  albumin  1*93  per  cent,  of  sulphur.  There  would  seem  to 
be  plenty  of  confirmatory  evidence,  therefore,  that  the  content  of 
sulphur  in  egg-albumin  is  much  larger  than  indicated  by  Harnack's 
formula. 

The  nitrogen,  as  determined  in  our  preparations,  is  seen  to  be 
somewhat  higher  than  found  by  Hammarsten,  with  whose  results  in 
other  respects  ours  most  closely  correspond.  Dumas,  however, 
found  nearly  the  same  percentage  of  nitrogen  as  contained  in  our 
{)reparations.  The  accompanying  table  of  analyses  shows  the  aver- 
age of  our  results,  compared  with  those  of  others. 

Albumoses, 

Three  distinct  digestions  of  albumin  (preparations  A,  B  and  C) 
were  made  with  pepsin-hydrochloric  acid,  and  the  albumose  bodies 
isolated.  In  this  way  it  was  possible  to  prepare  the  bodies  under 
somewhat  different  conditions,  and  to  notice  the  influence,  if  any,  on 
the  nature  and  composition  of  the  products.  The  pepsin-hydrochloric 
acid  used  in  two  of  the  digestions  was  prepared  with  a  special  view 


♦  Zeitschrift  fur  Physiolog.  Chemic,  Band  v,  p.  207. 

f  Pfliiger's  Archiv  fvir  Physiologie,  Band  xxxi,  p.  396. 

X  Jahresbericht  fur  Thierchemie,  1873,  p.  13.  g  Ibid,  1881.  p.  1» 
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to  removing  all  traces  of  alburaose  bodies,  formed  by  the  self-digestion 
of  the  mucous  membrane,  and  was  prepared  as  follows :  700  grams  of 
mucous  membrane  from  the  cardiac  portion  of  six  pigs'  stomachs, 
freed  from  the  muscnlaris,  were  finely  divided  and  warmed  at  40°  C. 
for  fourteen  days,  in  two  and  a  half  litres  of  0*5  per  cent,  hydro- 
chloric acid.  At  the  end  of  this  time,  all  albumose  bodies  presumably 
having  been  converted  into  peptone,  the  solution  was  filtered  from 
the  residue  of  nuclein,  antialbumid,  etc.,  and  the  filtrate  saturated 
with  ammonium  sulphate.  The  precipitate,  consisting  mainly  of 
pepsin,  with  perhaps  some  albumose,  was  filtered  off*,  washed  with  a 
saturated  solution  of  ammonium  sulphate,  and  then  dissolved  in  two 
litres  of  0*2  per  cent,  hydrochloric  acid.  The  acid  solution  was  then 
thymolized  and  dialyzed  in  running  water,  until  the  ammonium  sul- 
phate was  entirely  removed.  On  opening  the  dialyzing  tubes,  quite 
a  precipitate  was  found,  which  on  being  dissolved  in  0*2  per  cent, 
hydrochloric  acid  showed  marked  proteolytic  action.  The  filtrate 
also,  on  being  acidified,  showed  vigorous  digestive  power.  These 
two  solutions  of  purified  pepsin  were  used  in  the  digestion  of  two  of 
the  albumins,  while  with  the  third  a  pure  glycerin  extract  of  pepsin 
was  employed. 

The  general  method  of  procedure,  both  in  the  digestions  them- 
selves and  in  the  separation  of  the  various  albumoses,  was  much  the 
same  as  that  previously  employed  by  Kuhne  and  Chittenden. 

Digestion  of  Albumin  A, 

The  albumin,  as  previously  described,  was  placed  in  four  litres  of 
0*4  per  cent,  hydrochloric  acid  and  the  mixture  raised  to  a  tempera- 
ture of  46°  C.  Then  600  c.  c.  of  the  purified  pepsin-hydrochloric 
acid  solution  were  added  and  the  mixture  kept  at  a  temperature  of 
45°  C.  for  three  hours,  after  which  it  was  neutralized  with  sodium 
hydroxide  and  filtered.  The  pepsin  solution,  although  quite  active, 
did  not  act  very  vigorously  on  the  coagulated  albumin.  The  neu- 
tralization precipitate,  therefore,  together  with  the  unaltered  albumin, 
was  again  treated  with  a  fresh  quantity  of  the  pepsin-hydrochloric 
acid,  under  like  conditions  as  the  preceding,  for  four  hours.  The  two 
neutralized  fluids  were  then  united  and  treated  together.  The  total 
volume  was  about  six  litres.  The  clear  fluid  was  saturated  in  the 
cold  with  crystals  of  sodium  chloride,  by  which  a  precipitate  was 
obtained,  which  from  analogy  should  consist  of  proto-,  dys-  and 
heteroalbumose. 
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In  making  these  separations  of  the  albnmose  bodies,  we  intention- 
ally avoided  raising  the  temperature  of  the  fluid  above  46°  C,  for 
fear  that  heat  might  induce  some  change  in  the  character  of  the 
bodies;  hence  the  first  neutralized  fluid  was  saturated  directly  with 
salty  in  spite  of  its  large  volume,  and  the  bodies  were  ultimately  all 
separated  without  having  been  exposed  to  a  temperature  higher  than 
that  above-mentioned.  The  use,  however,  of  such  a  large  quantity 
of  rock  salt  introduced  into  the  solutions  some  calcium  sulphate, 
which  adhered  very  tenaciously  to  the  albumose  bodies  and  thus 
unavoidably  raised  the  content  of  ash  in  the  preparations. 

The  precipitate  produced  by  the  addition  of  sodium  chloride  in 
substance  was  filtered,  washed  with  a  satunited  solution  of  sodium 
chloride,  then  extracted  successively  with  a  ten  per  cent,  solution  of 
sodium  chloride,  a  five  per  cent,  solution  of  the  same  salt,  and  lastly 
with  water.  The  residue  remaining  undissolved  after  these  succes- 
sive treatments  with  dilute  salt  solutions  and  water,  presumably  con- 
sisted of  dysalbumose,  while  the  solutions  contained  a  body  preoipi- 
table  by  acetic  acid  and  soluble  in  excess,  and  also  precipitable  by 
potassium  ferrocyanide ;  presumably  protoalbumose  together  with 
heteroalbumose.  The  original  salt- saturated  filtrate  contained  all  of 
the  deuteroalbumose,  together  with  considerable  protoalbumose  and 
some  heteroalbumose. 

A .    Protoalbum  ose. 

The  five  and  ten  per  cent,  sodium  chloride  solutions  of  the  first  salt 
precipitate,  together  with  the  aqueous  solution  of  the  same,  were 
united  and  then  dialyzed  in  running  water  for  removal  of  the  hetero- 
albumose. The  solution,  partially  freed  from  the  latter,  was  concen- 
trated somewhat  and  the  protoalbumose  again  precipitated  by  satu- 
rating the  solution  with  sodium  chloride.  This  precipitate  was  again 
dissolved  in  water,  dialyzed  until  the  greater  portion  of  the  salt  was 
removed,  the  solution  then  concentrated  and  the  albumose  precipi- 
tated by  alcohol.  This  precipitate  was  redissolved  in  water,  dialyzed 
until  no  chlorine  reaction  could  be  obtained  with  silver  nitrate,  the 
solution  concentrated  on  the  water  bath  to  a  syrup  and  finally  pre- 
cipitated with  alcohol,  washed  with  alcohol  and  ether  and  then  dried 
at  106°  C.  in  vacuo  until  of  constant  weight.  In  the  last  dialysis, 
there  was  no  separation  whatever  of  heteroalbumose,  hence  the  pro- 
toalbumose is  to  be  considered  as  quite  pure.  The  composition  of 
the  substance  is  shown  in  the  accompanying  table.  The  ash  con- 
tained no  sulphate. 
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The  protoalbumose  was  readily  soluble  in  water  and,  unlike  the 
protoalbumose  from  fibrin,  dissolved  to  a  perfectly  clear  solution 
with  a  neutral  or  very  faintly  alkaline  reaction.  The  aqueous  solu- 
tion was  rendered  somewhat  turbid  by  the  addition  of  a  little  acetic 
acid,  the  turbidity  disappearing,  however,  on  the  addition  of  an  excess 
of  acid.  The  aqueous  solution,  strongly  acidified  with  acetic  acid, 
was  precipitated  by  the  addition  of  potassium  ferrocyanide ;  the  pre- 
cipitate, however,  dissolved  on  heating  the  mixture,  reappearing  as 
the  solution  became  cool. 

An  aqueous  solution  of  the  album ose,  acidified  with  acetic  acid  to 
such  an  extent  that  the  first  turbidity  was  re-dissolved,  was  not  ren- 
dered at  all  turbid  by  the  addition  of  a  little  sodium  chloride ;  the 
addition  of  more  salt,  however,  gave  a  very  strong  turbidity  which 
disappeared  entirely  on  warming,  reappearing  on  cooling.  As  with 
the  protoalbumose  from  fibrin,  it  is  possible  to  add  such  a  quantity 
of  sodium  chloride  as  to  induce  a  very  heavy  precipitate,  yet  have  it 
wholly  disappear  on  boiling  the  mixture,  separating  out  again,  how- 
ever, as  the  solution  becomes  cool.  Finally  the  addition  of  a  larger 
amount  of  sodium  chloride  gave  a  precipitate  in  the  acidified  solution, 
which  was  not  at  all  affected  by  even  boiling. 

An  aqueous  solution  of  protoalbumose,  when  treated  drop  by  drop 
with  concentrated  nitric  acid,  was  rendered  noticeablv  turbid  at  the 
point  of  contact,  the  turbidity  disappearing  as  the  mixture  was  shaken. 
On  adding  just  the  right  proportion  of  nitric  acid,  a  point  was  reached 
where  the  solution  showed  a  permanent  turbidity,  which  disappeared 
on  the  application  of  a  little  heat,  returning  as  the  solution  cooled. 
A  slight  excess  of  nitric  acid  produced  even  in  the  cold,  a  very 
distinct  reddish  yellow  coloration  of  the  fluid,  the  turbidity  disappear- 
ing. By  adding  crystals  of  salt  to  the  acid  solution,  a  precipitate 
was  again  formed,  which  disappeared  on  the  application  of  heat,  and 
reappeared  as  the  solution  cooled. 

By  saturating  an  aqueous  solution  of  protoalbumose  with  salt,  a 
heavy  precipitate  was  formed,  but  in  the  filtrate  more  albumose  was 
always  found  on  the  addition  of  a  little  acetic  acid.  In  fact,  each 
time  protoalbumose  was  precipitated  by  sodium  chloride  in  substance 
there  was  always  a  loss;  a  certain  proportion  of  the  substance  re- 
maining in  the  filtrate,  precipitable  only  by  the  addition  of  a  lit- 
tle acetic  acid.  Protoalbumose  heated  with  acid,  or  treated  in  the 
cold  with  dilute  alkalies  was  not  apparently  converted  into  acid 
albumin  or  alkali-albuminate-like  bodies,  for  on  neutralization,  no 
precipitation  whatever  occurred.     Heated  with  potassium  hydroxide 


Chittenden  and  Bolton — HJgg-Albumin  and  Albumoses.      139 

and  plumbic  acetate,  there  was  a  decided  blackening  of  the  fluid. 
T^||irotoalbumose  likewise  gave  the  characteristic  reddish  violet 
crfor  with  potassium  hydroxide  and  cupiic  sulphate.  Cupiic  sul- 
phate alone,  added  to  an  aqueous  solution  of  protoalbumose,  gave  a 
heavy  greenish  colored  precipitate,  not  very  soluble  in  excess  of  the 
copper  salt.  Mercuric  chloride  and  lead  acetate  also  precipitated 
the  albumose. 

In  its  reactions,  therefore,  the  protoalbumose  formed  from  egg- 
albumin  does  not  difler,  essentially  at  least,  from  fibrin  protoal- 
bumose. 

A,  DeiUeroalbumose. 

This  body  was  obtained  from  the  first  salt-saturated  fluid,  by  the 
addition  of  a  little  acetic  acid  (sp.  gr.  1042)  also  saturated  with  salt. 
As  Ktlhne  and  Chittenden  have  already  pointed  out,  all  of  the  proto- 
albumose is  not  precipitated  by  saturation  of  a  neutral  fluid  with 
sodium  chloride.  Hence,  it  is  to  be  expected  that  the  deuteroalbu- 
mose  solution  would  contain  some  protoalbumose,  which  latter  would 
be  likewise  precipitated  by  the  salt-saturated  acetic  acid.  We  en- 
deavored to  make  a  separation,  however,  by  rejecting  altogether  the 
first  precipitate  produced  by  the  addition  of  a  little  acetic  acid,  and 
then  to  obtain  the  deuteroalbumose  fairly  free  from  the  former,  by 
the  subsequent  addition  of  more  acetic  acid.  The  final  precipitate 
so  obtained,  was  dissolved  in  a  small  amount  of  water  and  then 
dialyzed  for  several  days.  The  solution,  in  which  was  noticed  a  small 
deposit  of  heteroalbumose,  was  concentrated  and  finally  precipitated 
by  alcohol.  The  precipitated  deuteroalbumose  was  then  redissolved 
in  water,  the  solution  made  exactly  neutral  with  sodium  carbonate 
and  dialyzed  in  running  water  for  many  days,  after  which  the 
solution  was  concentrated  to  a  syrup,  the  albumose  precipitated  with 
alcohol  and  finally,  after  washing  with  ether,  dried  at  106®  C.  in 
vacuo  until  of  constant  weight.  The  composition  of  the  product  is 
shown  in  the  accompanying  table.  The  ash  was  composed  mainly  of 
ferric  oxide  and  calcium  phosphate ;  it  contained  no  sulphate. 

The  pure  white  powder,  after  being  dried  at  106®  C,  was  found 
readily  soluble  in  water.  The  solution  was  not  rendered  at  all  turbid 
by  saturation  with  sodium  chloride,  but  the  substance  was  more  or 
less  completely  precipitated  by  the  addition  of  a  little  acetic  acid  to 
the  salt-saturated  fluid.  Nitric  acid  added  to  an  aqueous  solution  of 
the  substance  gave  no  precipitate  whatever,  but  colored  the  solution 
decidedly  yellow  even  in  the  cold.    A  little  sodium  chloride  added  to 

TRANa  Conn.  Acad.,  Vol.  VII.    44  Nov.,    1886. 
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the  nitric  acid  solution  gave  a  decided  turbidity,  which  disappeared 
on  warming  the  solution  and  reappeared  on  cooling. 

The  addition  of  acetic  acid  to  an  aqueous  solution  of  the  albumose 
gave  no  precipitate  whatever,  nor  was  any  change  to  be  observed  on 
heating  the  fluid ;  neutralization,  at  least,  caused  no  precipitation. 
The  addition  of  a  little  sodium  chloride  solution  to  a  solution  of 
deuteroalbumose  acidified  slightly  with  acetic  acid  gave  no  precipi- 
tate whatever,  but  as  with  deuteroalbumose  from  fibrin,  the  applica- 
tion of  a  little  heat  induced  a  slight  turbidity,  which  disappeared  on 
raising  the  temperature  still  higher.  Again,  on  the  further  addition 
of  sodium  chloride,  a  heavier  precipitate  was  produced  which  disap- 
peared completely  on  heating  the  solution  and  reappeared  on  cooling; 
and  lastly,  by  adding  more  sodium  chloride,  a  precipitate  was  ob- 
tained which  was  permanent  even  on  heating  the  mixture  to  boiling. 
In  these,  as  in  nearly  all  other  respects,  the  deuteroalbumose  showed 
itself  the  same  in  nature  as  the  deuteroalbumose  from  fibrin,  and  the 
reactions  given  for  that  body  can  well  be  applied  here.  In  one  reac- 
tion only  was  there  any  very  noticeable  difierence ;  viz :  in  the 
reaction  with  cupric  sulphate.  Deuteroalbumose  from  egg-albumin 
gave  only  a  slight  precipitate  with  cupric  sulphate,  even  on  the  addi- 
tion of  a  minimum  amount  of  the  copper  salt.*  With  acetic  acid  and 
potassium  ferrocyanide,  the  reaction  was  much  the  same  as  with  pro- 
toalbumose.  Boiling  with  sodium  hydroxide  and  lead  acetate  gave 
a  decided  blackening  of  the  fluid,  from  the  presence  of  sulphur. 

A.  HeteroaUntmose. 

The  greater  portion  of  the  heteroalbumose  was  obtained  by  the 
dialysis  of  the  5  and  10  per  cent,  sodium  chloride  solutions  of  the 
first  salt  precipitate,  viz:  in  the  purification  of  protoalbumose. 
Some,  too,  was  also  found  in  the  dialysis  of  the  precipitated  deuteroal- 
bumose. In  both  cases,  the  albumose  was  left  as  a  more  or  less  gummy 
precipitate,  closely  adherent  to  the  parchment  of  the  dialyser,  sepa- 
rating out  as  the  sodium  chloride  left  the  solution.  The  product 
was  purified  by  solution  in  5  percent,  sodium  chloride,  re-precipitation 
by  the  addition  of  salt  in  substance,  re-solution  in  5  per  cent,  sodium 
chloride  and  separation  by  dialysis,  continued  until  all  chlorine  was 


*  This  fact  simply  shows  the  greater  purity  of  this  preparation  of  deuteroalbumose 
or  rather  its  freedom  from  protoalbumosei  for  as  Dr.  Neumeister  has  recently  shown, 
perfectly  pure  deuteroalbumose  gives  no  precipitate  whatever  with  cupric  sulphate. 
Later,  we  were  able  to  prepare  deuteroalbumose  entirely  free  from  protoalbumose. 
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removed  from  the  solution.  Like  heteroalbumose  from  fibrio,  this 
product  each  time  it  was  re-dissolved  in  dihite  sodium  chloride,  left 
a  residue  soluble  only  in  dilute  acids ;  presumably  dysalbumose. 

After  being  washed  with  water,  alcohol  and  ether,  the  product 
was  dried  at  106®  C.  in  vacuo  and  then  analyzed  with  the  results 
shown  in  the  accompanying  table. 

The  ash  consisted  mainly  of  calcium  phosphate  and  a  little  ferric 
oxide,  but  did  not  contain  any  sulphate.  The  reactions  of  the  body 
were  found  to  be  almost  identical  with  those  described  as  character- 
istic of  heteroalbumose  from  fibrin.*  Suspended  in  water  or  dis- 
solved in  5-10  per  cent,  sodium  chloride  solution  and  then  heated  to 
boiling,  the  heteroalbumose  was  changed  into  a  body,  coagulated 
heteroalbumose,  insoluble  in  sodium  chloride  but  slowly  soluble  in  0*2 
per  cent,  hydrochloric  acid,  from  which  it  was  precipitated  by  neu- 
tralization, apparently  reconverted  again,  in  part,  into  soluble  hetero- 
albumose and  in  part  into  a  body  resembling  dysalbumose.  Thus 
on  neutralizing  the  acid  solution,  a  decided  precipitate  was  obtained 
which  was  in  part  soluble  in  5  per  cent,  sodium  chloride  (heteroalbu- 
mose), while  the  residue  insoluble  in  the  salt  solution  was  soluble  in 
dilute  acids  and  in  dilute  alkalies  (dysalbumose).  In  the  filtrate 
from  the  neutralization  precipitate,  acetic  acid  showed  the  presence 
of  still  more  heteroalbumose,  which  could  be  separated  from  the 
solution  by  dialysis. 

Further,  the  heteroalbumose  was  found  to  be  soluble  in  dilute 
acids,  alkalies  and  alkaline  carbonates,  and  from  the  solutions  thus 
formed,  it  was  reprecipitated  by  neutralization,  but  never  completely ; 
the  amount  remaining  in  solution  being  dependent  naturally  on  the 
amount  of  neutral  salt  contained  in  the  fiuid. 

Nitric  acid  precipitated  the  albumose,  the  extent  of  the  precipita- 
tion depending  on  the  amount  of  sodium  chloride  present.  Acetic 
acid  likewise  gave  a  precipitate,  soluble  in  excess  of  the  acid.  With 
acetic  acid  and  potassium  ferrocyanide,  a  precipitate  was  formed  also 
soluble  in  excess  of  acid.  With  cupric  sulphate,  on  the  contrary, 
a  heavy  precipitate  was  obtained  in  a  sodium  chloride  solution  of  the 
albumose,  insoluble  in  excess  of  the  copper  salt.  The  substance  gave 
the  so-called  biuret  reaction  with  cupric  sulphate  and  potassium 
hydroxide  quite  plainly,  and  also  gave  evidence  of  the  presence  of 
sulphur  on  boiling  with  potassium  hydroxide  and  plumbic  acetate. 


*  See  Zeitschrifl  far  Biologie,  Band  xx,  p.  32-36. 
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removed  from  the  solution.  Like  heteroalburaose  from  fibria,  this 
product  each  time  it  was  re-dissolved  in  dilute  sodium  chloride,  left 
a  residue  soluble  only  in  dilute  acids ;  presumably  dysalbumose. 

After  being  washed  with  water,  alcohol  and  ether,  the  product 
was  dried  at  106®  C.  in  vacuo  and  then  analyzed  with  the  results 
shown  in  the  accompanying  table. 

The  ash  consisted  mainly  of  calcium  phosphate  and  a  little  ferric 
oxide,  but  did  not  contain  any  sulphate.  The  reactions  of  the  body 
were  found  to  be  almost  identical  with  those  described  as  character- 
istic of  heteroalbumose  from  fibrin.*  Suspended  in  water  or  dis- 
solved in  5-10  per  cent,  sodium  chloride  solution  and  then  heated  to 
boiling,  the  heteroalbumose  was  changed  into  a  body,  coagulated 
heferoalbumoae,  insoluble  in  sodium  chloride  but  slowly  soluble  in  0*2 
per  cent,  hydrochloric  acid,  from  which  it  was  precipitated  by  neu- 
tralization, apparently  reconverted  again,  in  part,  into  soluble  hetero- 
albumose and  in  part  into  a  body  resembling  dysalbumose.  Thus 
on  neutralizing  the  acid  solution,  a  decided  precipitate  was  obtained 
which  was  in  part  soluble  in  5  per  cent,  sodium  chloride  (heteroalbu- 
mose), while  the  residue  insoluble  in  the  salt  solution  was  soluble  in 
dilute  acids  and  in  dilute  alkalies  (dysalbumose).  In  the  filtrate 
from  the  neutralization  precipitate,  acetic  acid  showed  the  presence 
of  still  more  heteroalbumose,  which  could  be  separated  from  the 
solution  by  dialysis. 

Further,  the  heteroalbumose  was  found  to  be  soluble  in  dilute 
acids,  alkalies  and  alkaline  carbonates,  and  from  the  solutions  thus 
formed,  it  was  reprecipitated  by  neutralization,  but  never  completely ; 
the  amount  remaining  in  solution  being  dependent  naturally  on  the 
amount  of  neutral  salt  contained  in  the  fiuid. 

Nitric  acid  precipitated  the  albumose,  the  extent  of  the  precipita- 
tion depending  on  the  amount  of  sodium  chloride  present.  Acetic 
acid  likewise  gave  a  precipitate,  soluble  in  excess  of  the  acid.  With 
acetic  acid  and  potassium  ferrocyanide,  a  precipitate  was  formed  also 
soluble  in  excess  of  acid.  With  cupric  sulphate,  on  the  contrary, 
a  heavy  precipitate  was  obtained  in  a  sodium  chloride  solution  of  the 
albumose,  insoluble  in  excess  of  the  copper  salt.  The  substance  gave 
the  so-called  biuret  reaction  with  cupric  sulphate  and  potassium 
hydroxide  quite  plainly,  and  also  gave  evidence  of  the  presence  of 
sulphur  on  boiling  with  potassium  hydroxide  and  plumbic  acetate. 


*  See  Zeitschrifb  fCir  Biologie,  Band  xx,  p.  32-36. 
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Digestion  of  albumhi  B, 

340  grams  of  the  dry  albumin,  Don-coagalated,  were  soaked  in  2 
litres  of  0-4  per  cent,  hydrochloric  acid  for  24  hours,  then  warmed  up 
to  45*  C.  and  1  litre  of  the  purified  pepsin-hydrochloric  acid  added, 
also  warmed  at  the  same  temperature.  The  mixture  was  kept  at 
45*  C.  for  10  hours,  then  neutralized  and  filtered.  The  filtrate,  con- 
taining the  albumose  bodies  formed  from  the  non-coagulated  albu- 
min, was  then  treated  as  already  described  under  Albumin  A. 

B,  Ptotoaibumose, 

The  protoalbumose  isolated  from  this  digestion,  was  purified  in 
much  the  same  manner  as  A  protoalbumose,  and  did  not  differ  from 
it  in  its  reactions,  except  that  with  water  it  did  not  dissolve  to  quite 
so  clear  a  solution ;  in  fact  its  solution  in  water  resembled  more 
closely  the  aqueous  solutions  of  protoalbumose  from  fibrin.  During 
its  final  purification,  it  was  dialyzed  in  running  water  until  no  chlorine 
reaction  could  be  obtained  with  silver  nitrate.  In  spite  of  this  fact, 
however,  the  preparation  contained  a  large  percentage  of  ash,  con- 
sisting mainly  of  calcium  sulphate,  ferric  oxide  and  a  little  calcium 
phosphate. 

The  accompanying  table  shows  the  composition  of  the  substance 
after  drying  at  106®  C,  in  vctcuo^  until  of  constant  weight. 

In  the  purification  of  this  protoalbumose,  the  substance  was  repre- 
cipitated  three  times  by  saturating  the  aqueous  solution  of  the  pre- 
cipitate with  sodium  chloride.  By  this  treatment,  as  already  stated, 
there  is  considerable  loss,  inasmuch  as  the  precipitation  of  proto- 
albumose with  salt  in  this  manner  is  never  complete,  considerable 
remaining  each  time  in  the  salt-saturated  fluid.  By  adding  a  very 
little  acetic  acid,  however,  the  protoalbumose  is  completely  precipi- 
tated from  the  salt-saturated  solution.  The  filtrates  therefore,  from 
the  second  and  third  precipitations  of  protoalbumose  with  salt 
alone  were  united,  and  the  albumose  remaining  in  them  precipitated 
by  the  addition  of  a  little  acetic  acid,  saturated  with  sodium  chloride. 
Our  object  was  to  see  whether  the  protoalbumose  which  had  at  one 
time  been  precipitated  by  salt  alone  and  then  had  finally  become 
soluble  in  the  salt-saturated  fluid,  differed  at  all  in  composition  or  in 
reaction  from  the  protoalbumose  still  insoluble  in  the  salt  solution. 

The  albumose  separated  in  this  manner  was  purified  by  being  dis- 
solved in  water,  the  solution  made  exactly  neutral  with  sodium  car- 
bonate and   dialyzed  for  several  days.     The   fluid   was  then   con- 
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centrated  to  a  syrup  and  the  albumose  precipitated  by  alcohol.  This 
precipitate  was  again  dissolved  in  water,  the  solution  made  exactly 
neutral  and  again  dialyzed. 

After  suitable  concentration,  the  albumose  was  again  precipitated 
by  alcohol,  washed  with  alcohol  and  ether  and  finally  dried  at  106®  C. 
in  vacuo. 

The  results  of  the  analysis  are  seen  in  the  accompanying  table. 

The  ash  in  this  preparation  is  seen  to  be  much  smaller  than  in  the 
protoalbumose  precipitated  by  salt  alone.  In  other  respects  the  two 
analyses  are  closely  comparable,  particularly  the  carbon  and  sulphur. 

The  reactions  were  in  almost  every  case  the  same  as  with  the  pre- 
ceding preparation,  excepting  perhaps  a  somewhat  greater  solu- 
bility. 

B.     Detiteroallmmose, 

This  body  was  separated  and  purified  in  exactly  the  same  manner 
as  in  the  preceding  digestion.  The  analysis  of  the  product  is  shown 
in  the  accompanying  table.  The  ash  contained  some  calcium  sul- 
phate and  a  little  ferric  oxide.  The  reactions  of  the  body  were  the 
same  as  those  of  A  deuteroalbumose. 

From  this  digestion,  more  or  less  heteroalbumose  was  separated 
bat  no  analysis  was  made  of  the  product,  as  the  amount  was  rather 
small  for  the  necessary  purification. 

Digestion  of  Albumin  C. 

In  the  digestion  of  this  sample  of  coagulated  albumin,  a  much 
more  vigorous  pepsin-hydrochloric  acid  was  employed  than  in  the 
preceding  digestions.  The  freshly  coagulated  albumin  was  placed 
in  3  litres  of  0*4  per  cent,  hydrochloric  acid  and  brought  to  a  tem- 
perature of  45**  C,  then  400  c.  c.  of  a  pepsin  solution,  made  from  a 
pure  glycerin  extract  of  pepsin,  were  added  and  the  mixture  kept  at 
45®  C.  for  24  hours.  The  fluid  was  then  neutralized,  filtered  and  the 
clear  filtrate  saturated  with  sodium  chloride.  The  albumose  bodies 
were  then  separated  and  purified  according  to  the  methods  already 
described. 

The  several  bodies  showed  the  same  reactions  as  observed  in  the 
preceding  preparations. 

Protoalbumose  and  deuteroalbumose  were  analyzed.  The  results 
are  shown  in  the  accompanying  tables.  The  ash  of  the  deutero- 
albumose contained  no  sulphate,  but  was  composed  almost  entirely 

of  f^^rric  oxide. 
Trans.  Conn.  Acad.,  Vol.  VII.    45  Nov.,  188G. 
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DyaalhumoHe, 

This  form  of  albumose  was  foand  in  all  three  digestions,  but  the 
amount  was  much  smaller  than  noticed  in  the  fibrin  digestions.  The 
substance  was  obtained  as  an  insoluble  residue,  after  extracting  the 
first  sodium  chloride  precipitate  successively  with  10  and  5  per  cent, 
salt  solutions  and  with  water.  It  was  then  dissolved  in  0*2  per  cent, 
hydrochloric  acid,  and  after  filtration  precipitated  by  neutralization. 
After  precipitation  in  this  manner,  a  portion  of  the  substance  was 
found  soluble  in  sodium  chloride  and  on  dialysis  of  the  solution,  sep- 
arated in  much  the  same  manner  as  heteroalbumose.  The .  portion 
still  insoluble  in  salt  solution  was  then  washed  thoroughly  with 
w^aler  and  lastly  with  alcohol  and  ether.  Not  enough  of  the  albu- 
mose was  separated  from  any  one  digestion  for  analysis,  but  by  unit- 
ing the  products  from  all  three,  sufficient  was  obtained  for  the 
following  analytical  data: 

I.  0*2537  gram  substance  gave  0*1500  gram  H,0^6'57    per  cent.  H 

and  0-4550  gram  CO,=48  92  per  cent.  C. 

II.  0-3700  gram  substance  gave  46'3  c.  c.  N  at  13-8®  C.  and  761 -3™°* 

pressures  14*96  per  cent.  N. 

III.  0*1354  gram  substance  gave  0*0069  gram  ash=5*09  per  cent. 

The  ash-free  substance  therefore  contained  51*52  per  cent.  C,  6*92 
per  cent.  H,  15*79  per*  cent.  N.  The  ash  was  composed  wholly  of 
ferric  oxide. 

The  peculiar  behavior  of  dysalbumose  after  solution  in  either 
dilute  acids  or  sodium  carbonate  and  neutralization,  shows  plainly 
that  the  substance  is  simply  heteroalbumose  rendered  insoluble  by 
action  of  the  sodium  chloride.  Dysalbumose,  wholly  insoluble  in 
sodium  chloride,  is  readily  dissolved  by  sodium  carbonate  of  1  per 
cent.,  and  on  neutralization  of  the  alkaline  fiuid  is  in  great  part  pre- 
cipitated. The  substance  however,  is  now  soluble  in  sodium  chlor- 
ide and  has  evidently  been  reconverted  into  heteroalbumose.  It 
is  very  apparent,  however,  from  our  results  that  heteroalbumose 
from  egg-albumin  is  not  so  readily  converted  into  dysalbumose  by 
the  action  of  sodium  chloride,  as  heteroalbumose  from  fibrin.  In 
all  three  of  our  experiments,  the  amount  found  was  very  small. 

Further,  it  would  seem  as  if  heteroalbumose  from  albumin  was 
somewhat  more  resistant  to  the  action  of  alcohol  and  ether  than 
heteroalbumose  from  fibrin.  Still  the  former  did  become  quite 
rapidly  insoluble  in  sodium  chloride  after  standing    under  alcohol 
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for  a  short  time.  The  reactions  of  dysalbamose,  aside  from  its 
behavior  towards  sodiam  chloride,  were  foand  to  be  much  the  same 
as  those  of  heteroalbumose. 

Relation  of  the  albumoses  to  albumin. 

In  composition,  the  albumoses  from  albumin  are  seen  to  differ  from 
each  other  somewhat  more  than  the  albumoses  from  fibrin  ;  collec- 
tively, however,  there  is  less  difference  in  composition  between  the 
albumose  bodies  and  the  albumin  from  which  they  are  formed,  than 
noticed  in  the  case  of  the  albumose  bodies  from  fibrin.*  In  the 
latter,  however,  there  is  no  guarantee  that  the  fibrin  employed  in 
the  experiments  had  the  actual  composition  assigned  to  pure  blood- 
fibrin.  The  fibrin-albumoses  collectively  contained  about  50*6  per 
cent,  of  carbon  and  17*1  per  cent,  of  nitrogen,  while  Hammarsten 
found  fibrin  itself  to  contain  52*6  per  cent,  of  carbon  and  16*9  per 
cent,  of  nitrogen.  In  our  experiments,  on  the  other  hand,  we  have 
for  comparison  the  composition  of  the  albumin  actually  used  in  the 
experiments,  and  in  the  accompanying  table  the  differences  in  com- 
position of  the  various  products  are  plainly  to  be  seen. 

Examining  these  in  detail,  we  see  that  all  of  the  products  show  a 
somewhat  smaller  content  of  carbon  than  albumin  itself.  With 
nitrogen,  however,  there  is  a  very  close  agreement  throughout,  and 
with  sulphur  likewise.  In  the  case  of  the  fibrin-albumoses  it  was 
considered  that  the  diminished  percentage  of  carbon  indicated  plainly 
that  the  albumoses  were  hydration  products,  and  that  they  were 
formed  from  fibrin  by  simple  hydrolytic  action.  The  results 
obtained  with  the  globuloses  did  not  appear  to  confirm  this  view, 
but  in  this  case  it  must  be  remembered  that  the  digestion  of  globulin 
by  gastric  juice  may  be  quite  a  different  process  from  albumin  diges- 
tion. With  albumin,  however,  the  results,  although  less  pronounced, 
also  indicate  hydrolytic  action  and  that  the  products  formed  are 
hydration  products. 

The  following  table  shows  the  extent  of  these  difierences,  and  also 
shows  the  close  agreement  in  composition  between  proto-  and  deutero- 
albumose  and  the  so-called  soluble  and  insoluble  hemialbumose  from 
egg-albumin,  isolated  and  analyzed  by  Ktlhne  and  Chittenden  at  the 
commencement  of  their  study  of  these  bodies.* 


♦  See  Zeitschrift  fiir  Biologie,  Band  xix,  p.  174. 
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Fibrin  products. 
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Deuteroalbuinose  is  seen  to  contain  0*7  per  cent,  less  carbon  than 
egg-albumin,  while  protoalbumose  contains  fully  1*25  per  cent.  less. 
The  nitrogen  in  the  two  compounds  is  in  accord  with  the  content  of 
carbon  and  the  composition  of  the  two  products  certainly  suggests 
hydrolytic  action. 

The  lower  content  of  carbon  in  the  albumose  bodies  has  been  ex- 
plained by  some  writers  on  the  ground  that  the  precipitants  used, 
principally  acetic  acid,  would  tend  to  form  an  acid  compound,  and 
that  even  when  dried  and  ready  for  analysis,  the  compound  would 
still  contain  some  acid ;  which  fact  would  be  sufficient  to  account  for 
the  low  content  of  carbon  found.  It  is  to  be  noticed,  however,  in 
these  results  that  the  deuteroalbumose,  not  only  on  an  average  but 
in  each  individual  case,  contains  more  carbon  than  protoalbumose, 
which  was  precipitated  by  sodium  chloride  alone  without  the  addi- 
tion of  any  acetic  acid  whatever.  Further,  comparing  the  two 
preparations  of  protoalbumose  B,  one  of  which  was  precipitated 
by  salt  alone  and  the  other  by  acetic  acid,  it  is  seen  that  the 
percentage  of  carbon  is  the  same  in  both.  Unquestionably  proto- 
and  deuteroalbumose  both  do  combine  with  acids,  but  after  neutral- 
ization and  long  continued  dialysis  the  albumose  body  certainly 
exists  in  a  free  state,  uncombined  with  either  acid  or  alkali. 

The  greater  portion  of  this  work  was  completed  before  we  had  any 
knowledge  of  Dr.  Neumeister's  work  on  the  complete  separation  of 
protoalbumose  from  deuteroalbumose. ||    It  was,  therefore,  too  late  for 


*  See  Kiihne  and  (Jhittenden,  Ueber  die  uachsten  Spaltungsproducte  der  Eiweiss- 
kOrper.     Zeitschrift  fiir  Biologie,  Band  xix,  p.  174. 

f  Average  of  all  the  products  analyzed.     Zeitschrift  fiir  Biologie,  Band  xx,  p.  40. 
X  Accordinj?  to  Hammareten.  §  Average  of  all  products. 

Zur  Kenntnisa  der  Albiimosen.     Zeilschrift  fur  Biologie.  Band  xxiii,  p.  381, 
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us  to  take  advantage  of  his  method  of  separation.  Our  preparations 
of  deuteroalbumose  unquestionably  were  not  wholly  free  f rora  proto- 
albumose,  but  that  they  did  not  contain  much  of  this  body  is  evi- 
denced by  the  small  precipitate  obtained  with  cnpric  sulphate ;  for, 
as  Dr.  Neumeister  has  recently  shown,  deuteroalbumose  entirely  free 
from  protoalbumose  gives  no  precipitate  whatever  with  cupric  sul- 
phate. 


Trans.  Conn.  Acad.,  Vol.  VII.    46 
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Casein  and  its  Primary   Cleavage  Products.     By  R.   H. 
Chittenden  and  H.  M.  Painter,  B.A.,  Ph.B. 

Following  out  the  general  plan  of  procedure  indicated  some  time 
ago  with  other  albuminous  bodies,*  we  have  endeavored  to  prepare 
and  study  the  primary  products  formed  in  the  digestion  of  pure  casein 
with  pepsin-hydrochloric  acid.  Assuming  that  casein  in  its  conver- 
sion into  peptone  by  artificial  gastric  juice,  passes  through  certain 
intermediate  stages,  in  which  bodies  akin  to  the  albumose  bodies 
are  formed,  we  have  applied  the  methods  of  separation  used  so  soc- 
cessfuUy  in  the  past  and  have  been  able  to  isolate  a  class  of  bodies 
bearing  the  same  relationship  to  casein  that  the  albumoses  do  to 
albumin.     For  this  class  of  bodies  we  propose  the  name  of  caseoses. 

In  studying  these  substances  and  particularly  their  composition, 
we  deemed  it  essential  to  be  certain' of  the  purity  and  composition 
of  the  casein  to  be  digested ;  particularly  in  view  of  the  recent  con- 
troversy between  Hammarstenf  and  A.  Danilewsky  as  to  the  single 
nature  of  this  albuminous  body.  Assuming,  as  claimed  by  Dan- 
ilewsky,! that  casein  is  a  mixture  of  two  albuminous  bodies  and  that 
the  numerous  analyses  recently  made  by  Hammarsten  of  various 
preparations  of  casein  are  incorrect,  particularly  in  the  percentage 
of  sulphur,  made  it  incumbent  on  us  to  obtain  some  data  on  these 
points  confirmatory  of  one  or  the  other  view,  before  advancing  to  a 
study  of  the  products  formed  by  the  digestion  of  casein. 

Of  the  various  methods  used  for  the  preparation  of  pure  casein, 
that  depending  on  repeated  precipitation  by  acids  and  re-solution 
in  alkalies  has  been  the  most  in  vogue ;  for  altliough  theoretical 
objections  might  be  advanced  as  to  the  possibility  of  change  in  the 
nature  of  the  substance  under  the  influence  of  acids  and  alkalies,  the 
results  obtained  have  in  some  respects,  at  least,  been  very  satisfac- 
tory. Alex.  Schmidt,  in  conjunction  with  Kapeller,§  showed  plainly 
that  dialysis  of  milk  and  then  precipitation  of  the  casein  by  acetic 
acid,  while  it  gave  fairly  good  results,  was  not  sufficient  in  itself  to 


*  See  the  preceding  articles  on  globuloses  and  albumoses. 

f  See  Zcitschrift  fiir  physiologischo  Chemie.     Band  vii,  p.  227.     Zur  Fra8;e,  ob  das 
casein  cin  einlieitlicher  stoff  soi.     Also  same  volume,  p.  427. 
^:  See  Zcitschrift  fiir  physiologisclie  chemie,  Band  vii,  p.  43.3. 
^  Beitrag  zur  Kenntniss  dcr  Milch,  Jahrcsbericht  fiir  Thierchemie,  1874,  p.  154. 
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wholly  remove  the  inorganic  salts,  and  thus  recourse  was  had  to 
repeated  precipitation  by  acids,  after  solution  in  dilute  alkalic?.  By 
this  method,  Hamraarsten*  came  to  the  conclusion  that  milk  con- 
tains but  two  albuminous  bodies,  viz :  casein  and  lacto-albumin,  and 
the  same  investigator  has  repeatedly  made  use  of  this  method  for  the 
preparation  of  pure  casein.  Lundbergf  has  plainly  shown  the  notice- 
able resistance  of  casein  to  the  action  of  acids,  and  Hammarsten  has 
indicated  the  possibility  of  using  acetic  acid,  if  necessary,  in  place 
of  the  stronger  hydrochloric  acid.  Millon  and  Commaille,  however, 
have  claimed  that  in  the  precipitation  of  casein  with  either  acid,  the 
precipitate  does  not  consist  of  free  casein,  but  is  a  compound  of 
casein  with  the  acid  used. 

This  erroneous  view,  Hammarsten  shows  depends  simply  on  the 
great  difficulty  of  washing  the  precipitated  casein  completely,  and 
be  suggests  that  it  is  perhaps  impossible  to  prepare  large  quantities 
of  casein  absolutely  pure.  For  the  preparation  ol  the  substance, 
however,  Hammarsten  recommends  acetic  acid  in  preference  to 
hydrochloric  acid  and  final  drying  of  the  compound  at  a  temperature 
of  110°  C. 

Danilewsky  and  Radenhausen,|  however,  prefer  to  use  hydrochloric 
acid  in  the  preparation  of  pure  casein,  »nd  for  this  purpose  they  use 
skimmed  milk,  diluted  with  4-6  volumes  of  water,  to  which  the  dilute 
acid  is  added  little  by  little,  until  a  good  precipitate  is  obtained. 
After  filtration  and  repeated  washing  with  distilled  water,  the  casein 
is  rubbed  fine,  then  dissolved  in  water  to  which  a  little  ammonia 
has  been  added,  the  fluid  filtered  and  the  clear  filtrate  again  precipi- 
tated by  the  addition  of  a  little  dilute  hydrochloric  acid.  Casein,  so 
prepared,  after  being  washed  with  distilled  water,  reacts  acid  to  test 
papers  and  shows  the  usual  reactions  of  this  body ;  but  if  when 
freshly  precipitated,  the  substance  is  boiled  with  perfectly  neutral 
50  per  cent,  alcohol  and  filtered  hot,  according  to  Danilewsky  and 
Radenhausen,  the  casein  is  separated  into  two  bodies,  one  of  which 
is  partially  soluble  in  hot  alcohol  and  separates  out  on  cooling,  while 
the  other  is  insoluble.  The  soluble  portion  is  termed  caseoprotalbin, 
the  insoluble  portion  caseoalbumin.     The  former,  it  is  stated,  gives 


*  Zur  Kcnntniss  des  Caseins  und  der  Wirkung  des  Labfermentos,  Jaliresboricht 
fiir  Thierchemie,  1877,  p.  158. 

t  Kleinere  Beitrage  zur  KoDntoiss  dos  Caseins,  Jahresbericht  fur  Thierchemie, 
1876,  p.  11. 

\  Unterstichungen  uber  die  Eiweiastoffe  der  Milcb,  Jahresbericht  fiir  Thierchemie, 
1880,  p.  186. 
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no  sulphur  reaction  when  boiled  with  2  per  cent,  sodiam  hydroxide, 
but  contains  1*13  per  cent,  of  sulphur,  while  caseoalbumin  is  stated  to 
contain  1'23  per  cent,  of  sulphur.  Hence,  according  to  these  investi- 
gators, casein  is  a  mixture  of  two  bodies,  one  of  which  is  rich  iu  sul- 
phur, while  the  other  contains  a  somewhat  smaller  amount.  The 
objection  which  these  investigators  make  to  the  use  of  acetic  acid  in 
the  preparation  of  casein,  is  that  from  a  sodium  acetate  solution, 
casein  itself  is  not  precipitated,  or  only  in  part,  but  that  the  precipi- 
tate consists  mainly  of  the  protalbin  body.  Further,  Danilewsky 
and  Radenhausen  claim  that  caseoalbumin  dissolved  in  1  per  cent, 
sodium  hydroxide  and  allowed  to  stand  for  24  hours  at  the  tempera- 
ture of  the  room,  is  changed  almost  completely  into  caseoprotalbin, 
with  loss  of  sulphur  and  calcium  phosphate.  In  a  similar  manner, 
protalbin  dissolved  in  lime  water,  with  addition  of  alcohol  and  phos- 
phoric acid,  can  be  changed  into  caseoalbumin. 

Hammarsten,*  however,  takes  exception  to  these  views  and  points 
out  that  the  peculiar  behavior  of  Danilewsky's  casein  towards  boiling 
50  per  cent,  alcohol,  depends  in  part  upon  its  content  of  calcium  phos- 
phate, the  presence  of  which  impurity  depends  upon  the  use  of  hydro- 
chloric acid  in  the  precipitation  of  the  casein,  which  acid  does  not 
favor  the  removal  of  the  salt  as  well  as  acetic  acid.  Using  acetic 
acid  as  the  precipitant  and  then  employing  a  casein  three  times  so 
precipitated,  and  which  analysis  showed  to  be  almost  entirely  free 
from  calcium  phosphate,  Hammarsten,  by  treatment  with  boiling 
alcohol,  was  unable  to  obtain  anything  more  than  a  trace  of  sub- 
stance coiTesponding  to  caseoalbumin.  Further,  casein  is  unques- 
tionably changed  by  boiling  with  alcohol,  as  Hammarsten  clearly 
shows ;  in  fact  it  is  well  known  that  heating  an  albuminous  body  in 
water  is  liable  to  change  its.  nature,  at  least  its  solubility,  and  there 
is  no  reason  why  treatment  with  50  per  cent,  alcohol  should  not  lead 
to  a  like  result.  Again,  Hammarsten  points  out  clearly  another 
inconsistency  in  the  reasoning  of  Danilewsky  and  Radenhausen  in 
connection  with  the  so-called  conversion  of  caseoprotalbin  into  caseo- 
albumin. The  former  body  is  stated  to  be  poorer  in  sulphur  than 
the  latter,  and  yet  we  are  told  that  the  protalbin  body  can  be  con- 
verted into  caseoalbuniin  by  simple  solution  in  lime  water  and  addi- 
tion of  phosphoric  acid,  with  or  without  alcohol.  Yet  how  it  is 
possible  by  this  method  of  treatment  to  convert  a  body  with  a  small 


*  Zur  Frage,  ob  das  Casoiu  oin  einheitlicher  Stoff  sei.  Zeitschrift  fur  physiologische 
chomie,  Band  vii,  p.  227. 
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content  of  sulphur  into  a  body  richer  in  sulphur,  is  hard  to  see. 
Much  more  plausible  is  it,  as  suggested  by  Ilammarsten,  that  in 
these  two  bodies  we  have  to  deal  with  the  same  substance,  in  the 
one  case  united  with  calcium  phosphate,  and  in  the  other  uncom- 
bined  with  this  salt ;  or  in  other  words  that  the  so-called  protalbin 
body  in  the  absence  of  calcium  phosphate  is  soluble  in  boiling  50  per 
cent,  alcohol,  while  in  the  presence  of  that  salt  it  is  insoluble. 

This  view  being  correct,  and  Hammai*sten's  observations  would 
tend  to  show  that  it  is,  it  is  obvious  that  the  caseoprotalbin  of  Dan- 
ilewsky  is  simply  a  portion  of  the  casein,  which,  owing  to  lack 
of  a  sufficient  amount  of  calcium  phosphate,  passes  into  solution  on 
being  boiled  with  dilute  alcohol;  while  casooalbumin,  on  the  other 
hand,  is  likewise  a  portion  of  the  casein,  insoluble  on  account  of  the 
presence  of  calcium  phosphate ;  changed,  however,  more  or  less  by 
action  of  the  boiling  alcohol.  Further,  the  reason  why  casein 
precipitated  several  times  by  acetic  acid  does  not  contain  as  much 
calcium  phosphate  as  when  precipitated  by  hydrochloric  acid,  and 
thus  reacts  differently  with  alcohol,  depends  on  the  far  greater  insol- 
ubility of  freshly  precipitated  casein  in  excess  of  acetic  acid  than  in 
hydrochloric  acid.  In  the  precipitation  of  casein  with  hydrochloric 
acid  only  the  slightest  excess  of  acid  can  be  added,  on  account  of  the 
ready  solubility  of  the  precipitate  in  this  dilute  acid.  With  acetic 
acid,  however,  a  moderate  excess  can  be  added  without  solution  of 
the  precipitate,  and  thus  in  the  latter  case,  a  larger  proportion  of 
mineral  salts  are  removed  at  each  re-precipitation. 

Danilewsky  and  Radenhausen  have  further  called  attention  to  the 
fact  that  casein  precipitated  with  hydrochloric  acid  yields  a  larger 
amount  of  alkaline  sulphide  than  when  precipitated  by  acetic  acid. 
This  statement,  Hammarsten  has  several  times  been  able  to  verify, 
but  the  latter  investigator  seeks  an  explanation  for  this  fact  in  the 
occasional  presence  of  a  second  albuminous  body,  richer  in  sulphur, 
presumably  senim-globulin,  precipitable  like  casein  by  acids.  Serum- 
globulin  too,  is  readily  soluble  in  excess  of  acid,  even  more  so 
than  casein,  and  hence  by  the  acetic  acid  method  of  precipitation, 
which  allows  a  far  greater  excess  of  acid,  the  casein  would  be  much 
less  liable  to  contamination  by  this  hypothetical  globulin  than  by  the 
hydrochloric  acid  method.  In  this  connection  it  may  be  well  to 
notice  that  Musso  and  Menozzi*  claim  the  presence  in  milk  of  a 
peculiar  albuminous  body  containing  63*74  per  cent.  C,  16*52  per 


*  StudioD  iiber  das  Kiweiss  der  Milch.  Jahresbericht  fiir  Thierchemio,  1878,  p.  139. 
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cent.  N  and  1'55  per  cent.  S,  for  which  they  claim  a  position 
midway  between  serum-albamin  and  casein.  It  can  be  partially  pre- 
cipitated from  fresh  milk  at  ordinary  temperatures  by  the  addition  of 
acetic  acid.  Further,  Lebelien*  has  proved  the  presence  in  milk  of  a 
globulin-like  body,  lacto-globulin,  which  can  be  precipitated  by  satu- 
rating the  fluid  remaining  after  removal  of  the  casein  with  sodium 
chloride,  with  magnesium  sulphate.  The  substance  appears  to  be 
identical  with  paraglobulin,  and  thus  this  fact,  just  discovered,  would 
seem  to  confirm  Hamraarsten's  theory  as  to  the  cause  of  the  greater 
content  of  sulphur  sometimes  noticed  in  casein  precipitated  by  hydro- 
chloric acid. 

Accepting  then,  Hammarsten's  views  as  correct,  it  is  obvious  that 
casein  precipitated  by  acetic  acid,  if  not  a  single  body,  must  be  com- 
posed of  two  bodies,  more  or  less  alike  and  both  precipitable  by 
dilute  acids.  In  attempting  to  settle  this  point  definitely,  Hammars- 
ten  has  sought  by  analysis  of  a  large  number  of  preparations  made 
under  different  conditions,  to  obtain  data  as  to  the  exact  composition 
of  casein  variously  prepared.  Naturally  in  this  connection,  consider- 
able attention  was  paid  to  the  content  of  sulphur,  since,  Danilewsky 
and  Radenhausen^s  views  being  correct,  variations  in  the  content  of 
sulphur  would  naturally  be  expected.  If  casein  is  a  mixture  of  equal 
parts  of  cascoprotalbin  and  caseoalbumin  with  1*1-3  per  cent,  and 
1*23  per  cent,  of  sulphur,  respectively,  then  casein  itself  would  nat- 
urally contain  1*18  per  cent,  of  sulphur;  an  amount  somewhat  higher 
than  has  been  found  heretofore. 

Recently,  Dainlewskyf  has  modified  his  views  somewhat,  and  now 
considers  casein,  as  before,  to  be  a  mixture  of  two  distinct  bodies, 
but  of  nucleoalbuniin  with  nucleoprotalbin  instead  of  caseoalbiimin 
and  cascoprotalbin.  As  the  reactions  of  these  two  bodies  are  appar- 
ently much  the  same  as  those  given  as  characteristic  of  the  caseo- 
bodies,  this  change  of  view  appears  to  be  mainly  a  change  of  name. 
Danilewsky  still  claims  the  correctness  of  the  high  content  of  sul- 
phur in  casein  and  assumes  that  the  variation  in  the  results  obtained 
by  different  workers  is  due  simply  to  difference  in  the  methods  of 
determination,  and  that  unquestionably  pure  casein  contains  over  1*0 
per  cent,  of  sulphur. 

Tlie  content  of  sulphur  in  casein  as  determined  30-40  years  ago  by 


*  Beitrag  zur  Kenntuiss  dcr  Eiweisskorpcr  der  Knhinilcli,     Jaliresbcricht  fur  Thier- 
choinie,  1885,  p.  184. 

I  See  ^eitschrif  t  fiir  physiologischo  chemie,  Band  vii,  p.  433. 
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T^ehraann,  Rtihling,  Volckel  and  others,*  varies  from  0*86  per  cent,  to 
I'lO  per  cent.  Kitthaasen,f  from  several  analyses  of  the  copper 
compound  of  casein,  found  a  content  of  sulphur  equivalent  to  0*80- 
1'12  per  cent,  in  the  free  casein.  Schwarzenbach,J  by  a  study  of  the 
platinum  cyanide  compound  of  casein,  ascribed  to  casein  itself  a  con- 
tent of  019-riO  per  cent,  of  sulphur.  Hammarsten,  however,  found 
by  analysis  of  eight  distinct  preparations  of  casein,  some  of  which 
had  been  reprecipitated  even  ten  times  with  acetic  acid,  a  content 
of  sulphur  ranging  from  0*619  per  cent,  to  0*776  per  cent.§  Later, 
Hammarsten  II  analyzed  four  other  preparations  of  casein  and  each 
by  six  distinct  methods.  Omitting  two  or  three  results,  which  were 
altogether  too  low  on  account  of  inaccuracies  in  the  method,  Ham- 
marsten found  in  these  different  preparations  of  casein,  as  a  result 
of  twenty-nine  distinct  determinations  by  five  different  methods, 
0-798  per  cent,  as  maximum,  ()*726  per  cent,  as  minimum,  or  0*758 
per  cent,  as  the  average,  content  of  sulphur.  Taking,  however,  the 
results  obtained  by  what  Hammarsten  considers  as  the  more  correct 
methods  the  average  content  of  sulphur  is  raised  to  0*77-0'78  per 
cent.  In  no  case  did  Hammarsten  obtain  results  in  any  way  con- 
firmatory of  Danilewsky's  views.  Hammarsten  further  made  a  large 
number  of  phosphonis  determinations,  and  these  as  well  as  the  results 
obtained  for  carbon  and  nitroscen  showed  too  little  variation  to  war- 
rant  the  idea  of  a  mixture  of  two  bodies  of  unlike  composition. 
While  therefore,  Hammarsten's  results  would  seem  to  point  conclu- 
sively to  the  unit-like  nature  of  casein,  we  have,  however,  made  quite 
a  number  of  different  preparations  of  the  substance,  both  from  fresh 
milk  and  from  skimmed  milk,  with  the  idea  of  obtaining  confirmatory 
data,  with  which  to  make  direct  comparisons  between  the  composi- 
tion of  casein  and  its  primary  cleavage  products. 

Preparation  and  composition  of  Casein, 

The  casein  was  precipitated  in  some  cases  by  acetic  and  in  others 
by  hydrochloric  acid.  ,  In  both  cases  the  acid  used  was  very  dilute. 


♦  Soe  Gmelin-Krautfl'  Handbuch  der  Organischo  Chemio,  Band  iv,  Abtheilung,  iii, 
1870,  p.  2254. 

f  H.  Ritthausen  und  R.  Pott,  Untersuchungen  iiber  Verbindiingen  der  Eiwoisskorper 
mit  Kiipforoxyd.    Journal  fiir  prakt.  Chemie,  1873,  Band  vii,  p.  361. 

X  Annalen  der  Ghem.  u.  Pharmacie,  Band  cxxxiii,  p.  185. 

§  Zeitachrift  fur  physiologische  Chomie,  Band  vii,  p.  259. 

I  Uebor  den  Gehalt  des  caseins  an  Schwefel  und  iiber  die  Beatimmung  des  Scbwefipls 
in  Proteinsubstanzon.     Zeitachrift  fur  physiologische  chemie,  Band  ix,  p.  273. 
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the  bydrochlorio  acid  being  0*2  per  cent.  In  dissolving  the  casein 
for  re-precipitation,  a  very  dilute  solution  of  ammonium  hydrox- 
ide was  employed ;  in  fact  so  dilute  as  to  consist  of  hardly  more  than 
water  with  a  trace  of  ammonia.  We  used  ammonia,  in  preference  to 
sodium  or  potassium  hydroxide,  as  this  alkali  would  seem  less  liable 
to  induce  any  alteration  in  the  content  of  sulphur.  Further,  io  dis- 
solving the  casein  in  ammonia,  the  solution  at  no  time  became  more 
than  very  faintly,  if  at  all  alkaline;  usually  being  hardly  more  than 
neutral  to  test  papers. 

The  general  method  of  procedure  was  to  dilute  fresh  cow's  milk 
with  about  four  volumes  of  water  (skimmed  milk  diluted  considerably 
less)  and  then  to  precipitate  the  casein  with  either  hydrochloric  or 
acetic  acids,  adding  the  precipitant  cautiously,  until  complete  precipi- 
tation was  obtained.  The  precipitate  was  then  washed  as  completely 
as  possible  with  large  quantities  of  water,  both  by  decantation,  tritura- 
tion with  water  in  a  mortar  and  on  a  cloth  filter.  The  casein  was 
then  dissolved  in  the  ammonia  water,  filtered  through  paper  and 
reprecipitated,  each  time  being  thoroughly  washed  with  water.  Io 
the  portion  used  for  analysis,  the  final  precipitate  was  further  washed 
with  alcohol  and  ether  and  lastly  soaked  in  a  mixture  of  alcohol  and 
ether  for  the  more  complete  removal  of  any  fat.  The  preparations 
were  then  dried  in  the  air  and  lastly  on  a  water  bath  at  a  gentle  beat 
When  dry,  they  were  powdered  and  extracted  with  boiling  ether 
in  a  fat  extractor  for  several  hours,  to  insure  complete  freedom 
from  fat.  Ultimately,  the  products  for  analysis  were  dried  at  105^  C. 
in  vacuo  until  of  constant  weight. 

In  all,  seven  preparations  of  casein  were  made  for  analysis,  as 
follows : 

From  fresh  milk,  precipitated  twice  with  hydrochloric  acid. 
From  fresh  milk,  precipitated  twice  with  acetic  acid. 
From  skimmed  milk,  precipitated  three  times  with  acetic  acid. 
A  portion  of  No.  Ill,  precipitated  a  fourth  time  with  acetic  acid. 
From  skimmed  milk,  precipitated  three  times  with  hydrochloric 

acid. 
**     VI.    A  portion  of  No.  V,  precipitated  a  fourth  time  with  hydrochloric 

acid. 
**     VII.  From  skimmed  milk,  precipitated  four  times  with  hydrochloric 

acid. 

The  methods  of  analysis  wore  essentially  the  same  as  those  em- 
ployed by  Ktihne  and  Chittenden  in  the  analysis  of  the  various  albu- 
mose  bodies.     Carbon  and  hydrogen  were  determined  by  combus- 
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lion  with  oxygen  in  an  open  tube,  the  gases  passing  over  a  long  layer 
of  granular  oxide  of  copper  at  a  bright  red  heat,  a  layer  of  lead  chro- 
mate  at  a  dull  red  heat  and  a  roll  of  freshly  reduced  metallic  copper. 
Nitrogen  was  determined  as  nitrogen  gas  by  combustion  with  oxide 
of  copper,  the  gases  passing  oyer  a  long  anterior  layer  of  heated 
oxide,  a  short  layer  of  metallic  copper  and  a  final  layer  of  oxide  of 
copper.  The  tube  was  exhausted  with  a  Sprengel  pump  before  and 
after  the  combustion  and  the  nitrogen  was  collected  in  a  Schiffs'  azo- 
tometer,  provided  with  a  jacket  tube  for  rapid  cooling  of  the  gas  to  a 
constant  temperature.  In  the  determination  of  sulphur  and  phospho- 
rus, the  substance  was  fused  with  a  mixture  of  potassium  hydroxide 
and  potassium  nitrate  (10  grams  of  the  former  and  1*5  grams  of  the 
latter)  in  a  silver  crucible,  according  to  the  method  designated  by 
Hammarsten  *  as  la.  In  order  to  economize  time,  a  single  fusion  was 
made  to  serve  for  both  a  sulphur  and  phosphorus  determination ;  in 
other  words,  a  sufficient  amount  of  casein  (usually  1*2  grams)  was 
fused  with  potassium  hydroxide  and  nitrate,  the  fused  mass  dis- 
solved in  water,  the  solution  made  up  to  a  known  volume  and  then 
one-half,  representing  one-half  of  the  original  substance,  was  used  for 
the  sulphur,  the  other  half  for  the  phosphorus  determination.  Both 
the  alkali  and  the  nitrate  were  free  from  sulphur  and  phosphorus ;  at 
least  to  such  an  extent  that  in  a  blank  experiment,  the  resultant 
solutions  gave  no  precipitate  whatever,  with  either  barium  chloride 
or  with  molybdic  solution.  The  oxidations  were  made  at  as  low  a 
temperature  as  possible,  except  towards  the  end  when  the  temperature 
was  raised,  and  occasionally  a  little  more  nitrate  added,  to  facilitate 
complete  oxidation. 

As  the  percentage  of  sulphur  was  quite  an  important  point,  we 
took  particular  pains  to  have  the  final  acid  fluid  entirely  free  from 
nitrate  and  nitrite,  as  well  as  from  any  excess  of  hydrochloric  acid, 
so  as  to  avoid  as  much  as  possible  any  solvent  action  on  the 
barium  sulphate.  For  the  determination  of  sulphur,  therefore,  the 
alkaline  solution  of  the  fused  mass  was  acidified  distinctly  with  hy- 
drochloric acid  and  the  acid  solution  evaporated  to  perfect  dryness 
on  the  water-bath.  In  this  way  the  objectionable  nitrate  and  nitrite 
were  removed.  The  residue  was  then  moistened  with  hydrochloric 
acid,  taken  up  in  water,  and  the  solution  allowed  to  stand  until  any 
chloride  of  silver  present,  had  settled  out.  The  fluid  was  then  fil- 
tered and  precipitated  as  usual  with  barium  chloride.     For  phos- 


*  ZeitHclinft  fur  physiologische  Chcmie,  Band  ix,  p.  289. 

Teans,  Conn.  A  cab.,  Vol.  VII.    47  Nov.,  1886. 
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pliorus,  the  alkaline  flnid  was  acidified  with  nitric  acid,  evaporated 
to  dryness,  the  residue  dissolved  in  a  little  water  acidified  with  nitric 
acid,  filtered,  and  the  phosphoric  acid  precipitated  in  the  usual  man- 
ner with  ammonium  molybdate.  After  standing  24  hours  at  40®  C. 
this  precipitate  was  filtered  off,  dissolved  in  ammonium  hydroxide 
and  the  phosphoric  acid  re-precipitated  as  ammonio  magnesium  phos- 
phate and  ultimately  weighed  as  magnesium  pyrophosphate.  The 
accompanying  tables  show  the  results  of  the  analyses  of  the  different 
samples  of  casein. 

Comparing  now  the  average  composition  of  these  different  prepa- 
rations of  casein,  it  is  to  be  seen  that  they  all  show  a  very  close 
agreement  throughout.  Thus  the  percentage  of  phosphorus  in  the 
seven  preparations  varies  only  from  0*84  to  0*89,  sulphur  from  0*75 
to  0*80,  nitrogen  from  15*75  to  16*08,  hydrogen  from  7*01  to  7'11  and 
carbon  from  53*19  to  53*53  ;  or  li'aving  out  one  preparation  which  for 
some  reason  showed  a  high  content  of  carbon,  from  53-19  to  53*39 
per  cent.  The  results  therefore  show  a  constancy  in  composition 
fully  as  marked  as  observed  by  Hammarsten  and  thus  tend  to  confirm 
the  latter  in  the  view  that  casein  is  a  single  body  of  definite  com- 
position. 

Comparing  our  results  collectively,  with  those  obtained  by  Ham- 
marsten (see  table  showing  average  composition),  we  find  a  fairly 
close  agreement  throughout,  although  minor  differences  are  to  be 
obsei-ved.  First,  all  of  our  preparations  show  a  content  of  carbon 
somewhat  higher  than  found  by  Hammarsten.  The  latter  investiga- 
tor found  the  carbon  in  his  preparations  to  vary  from  52*78  to  53*09 
per  cent.,  while  in  all  of  our  preparations,  the  content  of  carbon  cal- 
culated to  the  ash-free  substance  is  above  53  per  cent.  The  possi- 
bility of  our  preparations  still  containing  some  fat  was  rendered 
improbable  by  the  thorough  treatment  with  ether  which  they  had 
received,  and  further  by  the  fiict  that  the  nitrogen  in  our  preparations 
was  also  somewhat  higher  than  found  by  Hammarsten.  One  of  the 
preparations,  however,  with  a  high  content  of  carbon,  was  extracted 
asxain  for  several  hours  with  boilinir  ether,  but  on  analvsis  the  con- 
tent  of  carbon  was  found  unchanged.  The  content  of  phosphorus 
agrees  exactly  with  Hammarsten's  results,  while  the  sulphur  is,  on  an 
average,  0*1  per  cent,  higher.  There  is  nothing  in  the  content  of  sul- 
phur, therefore,  to  even  suggest  confirmation  of  Danilewsky's  views. 
The  amount  of  ash  in  our  preparations  was  somewhat  larger  than 
found  by  Hammarsten  and  further,  there  is  no  especial  connection  to 
be  seen  between  the  content  of  ash  and  the  precipitant  used ;  the 
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amount  in  the  acetic  acirl  precipitate  being  fully  as  large  as  in  the 
casein  precipitated  by  hydrochloric  acid. 

Compared  with  Ritthausen's  results  (see  table  showing  average 
composition),  obtained  by  analysis  of  the  copper  compound  of  casein, 
the  percentage  of  carbon  comes  very  much  too  high..  It  is  question- 
able, however,  how  close  a  comparison  should  be  drawn  between 
indirect  results  obtained  by  analysis  of  a  metallic  compound  of 
casein  and  those  obtained  by  analysis  of  casein  itself. 

In  conclusion  then,  we  must  affirm  that  our  results  accord  closely 
with  those  of  Hamroarsten's,  while  the  two  together  ■  make  it  very 
improbable  that  in  casein  we  have  to  do  with  a  substance  composed 
of  two  bodies  of  unlike  composition. 

Digestion  of  Casein  and  Formation  of  Caseoses, 

In  the  digestion  of  casein  with  pepsin-hydrochloric  acid,  the  casein 
was  prepared  by  precipitation  and  reprecipitation  with  acetic  acid, 
and  rendered  as  pure  as  possible  by  thorough  washing  with  water. 
While  still  moist  it  was  placed  in  0*4  per  cent,  hydrochloric  acid,  as 
preliminary  to  its  treatment  with  pepsin.  Pure  pepsin  solution,  free 
from  peptone  and  albumose,  was  prepared  from  the  mucous  mem- 
brane of  pig*s  stomachs  by  the  method  already  described.* 

Digestion  A, 

1300  grams  of  moist  casein  in  4  litres  of  0*4  per  cent,  hydrochloric 
acid  were  brought  to  a  temperature  of  45*  C.  and  600  c.c.  of  pure 
pepsin  solution  added.  The  mixture  was  kept  at  a  temperature  of 
45^  C.  throughout  the  digestion.  The  casein  began  almost  immedi- 
ately to  swell  up  and  in  less  than  an  hour  the  entire  mixture  was  con- 
verted into  a  semi-solid,  jelly-like  mass.  Thereupon,  one  litre  more 
of  0-4  per  cent,  hydrochloric  acid  was  added,  together  with  a  little 
more  pepsin  solution.  At  the  end  of  three  hours,  the  mixture  was 
quite  fluid,  but  contained  considerable  gelatinous  matter  in  suspension. 
Neutralization  of  a  filtered  portion,  produced  no  precipitate  whatever. 
The  addition  of  crystals  of  sodium  chloride  gave  a  heavy  white  pre- 
cipitate and  the  filtrate  from  this  precipitate  gave  a  further  precipi- 
tate on  the  addition  of  acetic  acid.  At  the  end  of  four  hours,  the 
entire  mixture  was  made  neutral  with  sodium  hydroxide  and  then 
filtered  through  paper.  The  undigested  residue,  when  dry,  amounted 
to  about  30  or  40  grams.     This  residue  of  so-called  casein  dyspeptoncy 


See  the  preceding  article  on  efrg-albiimin  and  ulbnmoBes. 


174  Chittenden  and  Painter — Casein  and  its 

which  appeared  in  every  digestion  in  greater  or  less  quantity,  was 
apparently  wholly  insoluble  in  fresh  portions  of  gastric  juice  and 
was  similar  in  its  reactions  to  the  like-body  previously  described  by 
Lubavin.*  When  fresh,  it  appeared  as  a  more  or  less  jelly-like 
mass,  much  like  starch  paste.  It  was  readily  soluble  in  dilute  alkalies 
and  precipitated  by  neutralization,  but  insoluble  in  excess  of  acid. 
It  was  precipitated  from  its  solution  in  dilute  sodium  hydroxide  by 
addition  of  salt  in  substance.  This  body  we  did  not  attempt  to 
study  further,  but  hope  to  do  so  later. 

The  filtrate  from  the  undigested  residue,  when  cold,  was  not  per- 
fectly clear  but  became  so  on  the  application  of  a  gentle  heat.  On 
boiling  the  solution,  a  very  slight  precipitate  was  formed.  The  addi- 
tion of  acids,  hydrochloric,  nitric  or  acetic,  either  concentrated  or 
dilute,  caused  a  heavy  white  precipitate,  not  wholly  soluble  in  excess 
of  acid,  even  of  concentrated  hydrochloric.  The  precipitate  was 
likewise  more  or  less  permanent  when  warmed  or  even  boiled  with 
the  acid.  In  the  filtrate  from  the  precipitate  produced  by  acetic 
acid,  the  addition  of  potassium  ferrocyanide  gave  no  precipitate. 
The  precipitate  produced  by  acids  was  readily  soluble  in  dilute 
alkalies.  On  addition  of  nitric  acid,  of  any  strength,  and  the  appli- 
cation of  heat  even  to  boiling,  the  mixture  turned  first  rose  color  then 

r 

reddish,  and  as  the  boiling  was  continued  the  color  deepened  and 
finally  became  brownish  ,red.  The  change  from  rose  color  to  brown 
also  takes  place  in  the  cold.  With  concentrated  nitric  acid  the  color 
is  nearer  the  yellow  of  the  xanthoprotein  reaction,  but  still  shows 
plainly  the  brown  or  reddish  tinge. 

For  separation  of  the  individual  caseoses,  the  entire  solution  with- 
out being  concentrated,  was  saturated  with  sodium  chloride,  by 
which  an  exceedingly  heavy  precipitate,  more  or  less  curdy,  was 
obtained,  which  was  finally  filtered  off  and  washed  with  saturated 
salt  solution.  The  washing  was  made  more  thorough  by  grinding 
the  mass  with  the  salt  solution  in  a  mortar.  This  precipitate,  by 
analogy,  would  naturally  be  composed  mainly  of  a  body  correspond- 
ing to  protoalbumose  with  possibly  something  corresponding  to  hete- 
roalbumose.  The  precipitate  was  washed  thoroughly  with  saturated 
salt  solution,  dissolved  in  water,  filtered,  and  again  precipitated  by 
saturation  of  the  fluid  with  sodium  chloride.  All  of  the  substance, 
however,  was  not  reprecipitated;  quite  a  little  remained  in  the  salt- 


*  Ileber  die  Kiinatliche  Pepsin-Vordaimng  des  caseins,  etc.,  Hoppo-Seylor  s  Med. 
Clicmisclio  TTTitersuchiinpen,  p  4()7. 
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sataratcd  fluid  and  was  thrown  down  as  a  white  curdy  precipitate 
l>y  the  addition  of  a  little  acetic  acid,  evidently  some  protocaseose 
not  precipitated  by  salt  alone.     The  main  precipitate  of  protocaseose, 
«lc.,  twice  precipitated  by  salt,  was  treated  with  3  litres  of  10  per 
cent,  salt  solution,  the  residue  with  3  litres  of  5  per  cent,  salt  solution 
and  the  residue  still  remaining,  with  3  litres  of  water.     In  this  man- 
ner, all   of   the  proto  and    beterocaseose  was   dissolved,   leaving  a 
small  residue  wholly  insoluble  in  dilute  salt  solutions  and  in  water; 
presumably  dyscaseose.      The  latter,  however,   was  in  exceedingly 
small  quantity.     It  was  dissolved  in  0*2  per  cent,  hydrochloric  acid 
atfid   reprecipitated  by   neutralization  of  the  solution    with   sodium 
carbonate. 

A.  Protocaseose. 

The  sj  and  10  per  cent,  salt  solutions  of  protocaseose  together  with 
the  aqueous  solution,  were  united  and  the  mixture  saturated  with 
sodium  chloride.  Here,  as  before,  all  of  the  protocaseose  was  not 
precipitated ;  a  portion  remained  in  the  filtrate  and  was  precipitated 
only  on  the  addition  of  a  little  acetic  acid.  The  main  portion  of  the 
protocaseose  precipitated  for  the  third  time  with  salt  in  substance, 
was  dissolved  in  water,  the  solution  filtered  and  divided  into  two 
parts.  One  part  was  thymolized  and  dialyzed  in  running  water 
until  all  chlorine  was  removed  from  the  solution  (Protocaseose  A  1). 
The  other  part  was  again  saturated  with  salt,  the  precipitate  washed 
with  saturated  salt  solution,  then  dissolved  in  water  and  lilcp  the 
former  dialyzed  until  all  chlorine  was  removed  from  the  solution 
(Protocaseose  A  2).  In  protocaseose  2,  there  was  more  evidence  of 
the  presence  of  a  body  resembling  heteroalbumose  than  in  No.  1^ 
Thus  in  No.  2,  quite  a  little  gummy  substance  separated  from  the 
solution  on  dialysis,  but  the  amount  even  here  was  not  large.  When 
the  dialysis  was  finished,  both  solutions  were  perfectly  neutral  to 
test  papers  and  in  both  cases  the  protocaseose  was  separated  from 
the  clear  fluid  by  evaporation  and  precipitation  with  alcohol.  For 
analysis,  both  products  were  washed  thoroughly  with  alcohol  and 
ether  and  finally  dried  at  105°  C.  in  vacuo. 

Their  composition  is  shown  in  the  accompanying  tables. 

As  already  stated,  every  time  protocaseose  was  dissolved  in  water 
and  reprecipitated  by  saturating  the  solution  with  sodium  chloride, 
a  certain  amount  of  the  subslance  remained  in  solution,  precipitable 
only  on  addition  of  a  little  acetic  acid.  Protocaseose  precipi- 
tated from  the  salt-saturated  solution  in  this  manner  by  acetic  acid, 
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was  found  to  be  quite  different  in  its  nature  from  protoalbnmose  or 
protoglobulose.  The  two  latter  undoubtedly  combine  with  acetic 
acid,  when  precipitated  from  a  salt-saturated  fluid ;  the  compound, 
however,  is  readily  and  completely  soluble  in  water.  With  proto- 
caseose  on  the  other  hand,  acetic  acid  produces  a  precipitate,  not 
only  insoluble  in  the  salt-saturated  fluid,  but  also  more  or  less  insolu- 
ble in  water  containing  a  little  acid.  It  is  easily  soluble  in  dilute 
alkali  and  alkali  carbonate,  and  is  not  precipitated  by  neutralization 
with  hydrochloric  or  acetic  acid.  Addition  of  acid,  however,  beyond 
neutralization  immediately  causes  precipitation  of  the  caseose. 

Protocaseose  once  precipitated  with  salt  and  which  on  the  second 
precipitation,  failed  to  separate  from  the  salt-saturated  fluid,  was 
precipitated  by  a  little  acetic  acid,  washed  somewhat  with  water, 
dissolved  in  very  dilute  sodium  carbonate  solution,  neutralized  and 
then  dialyzed  in  running  water  for  nearly  a  week.  The  solution 
was  then  perfectly  neutral  to  test  papers  and  was  likewise  perfectly 
clear.  It  was  evaporated  to  a  syrup  and  the  caseose  precipitated 
by  alcohol.  After  being  washed  with  alcohol  and  ether,  it  was 
di-icd  at  106°  C.  in  vacuo  until  of  constant  weight,  and  then  analyzed 
with  the  following  results: 

Protocaseose  A  3. 

I.  0*3703  gram  substance  gave  0-3160  gram  HaO  =  6*48  per  cent.  H  and 
0-6500  gram  COa  =47*86  per  cent.  C. 

II.  0-4200  gram  gave  50*9  c.  c.  N  at  21*2°  C.  and  765*0°»™  pressure  =  14*21 
per  cent.  N. 

III.  0*7053  gram  fused  with  KOH  and  KNO,  gave  0*0418  gram  BaSO« 
=  0*81  per  cent.  S. 

IV.  0-4076  gram  gave  0*0886  gram  ash  =  9*47  per  cent. 

The  ash-free  substance  therefore  contained 

52*59jrC.  7*17^  H.  15*70^  N.  0*90^  S. 

Like  all  of  the  caseose  bodies,  this  contained  a  large  percentage  of 
ash  in  spite  of  its  long  continued  dialysis.  The  ash  was  mainly  cal- 
cium phosphate  with  some  oxide  of  iron,  obtained  in  part  doubtless 
from  the  salt  used  in  precipitation.  It  is  not  difl5cult  to  see  how 
protocaseose,  precipitated  by  salt  alone,  should  take  up  and  retain 
semi-mechanically  considerable  inorganic  matter.  But  in  the  pres- 
ent case,  where  the  great  mass  of  the  albuminous  substance  has  been 
precipitated  by  the  salt  added,  it  seems  somewhat  surprising  that 
the  caseose  should  separate  from  the  clear  fluid  in  the  presence  of 
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considerable  acetic  acid  with  such  a  large  percentage  of  adherent 
mineral  matter,  unless  the  latter  is  chemically  combined  with  the 
albuminous  substance.  Oft-repeated  and  long  continued  dialysis 
appears  to  have  but  little  influence  in  diminishing  the  amount  of  this 
impurity.  Our  experience  has  taught  us  that  where  the  caseoses 
have  once  been  brought  in  contact  with  lime  salts,  reprecipitation 
and  other  methods  of  purification  avail  but  little. 

But  very  little  heterocaseose  was  found  in  this  digestion,  not  as 
much  as  was  found  in  some  of  the  others,  later  on.  Slill,  during  the 
first  dialysis  of  the  protocaseose,  some  little  heterocaseose  separated 
from  the  fluid,  as  the  last  traces  of  salt  dialyzed  out. 

A.  Deuterocaaeose. 

Deuterocaseose  was  separated  from  the  filtrate  from  the  first  sodium 
chloride  precipitate  of  protocaseose,  by  acetic  acid.  As  a  study  of  the 
reactions  of  protocaseose  had  show^n  plainly  that  this  body  is  never 
completely  precipitated  by  salt  alone,  a  little  acetic  acid  was  added 
to  the  salt-saturated  filtrate,  and  the  precipitate,  presumably  a  mix- 
ture of  proto  and  deuterocaseose,  thrown  away.  The  remaining  deu- 
terocaseose was  then  precipitated  by  adding  about  200  c.c.  of  a  salt- 
saturated  acetic  acid  (30  per  cent,  acetic  acid)  to  the  fluid.  The  total 
volume  of  the  mixture  was  nearly  16  litres.  In  this  manner  an  abund- 
ance of  a  finely  divided  precipitate  was  obtained,  which  at  first,  seemed, 
insoluble  in  water  and  in  dilute  sodium  chloride.  It  was  readily  soluble 
in  water  containing  a  trace  of  alkali  and  was  not  precipitated  by 
neutralization.  On  being  washed,  however,  with  a  saturated  salt 
solution  for  some  time,  the  washings  were  found  to  have  dissolved 
considerable  of  the  substance,  which  could  be  precipitated  from  the 
solution  by  strong  acetic  acid.  Further,  after  being  washed  with 
salt  solution,  the  substance  remaining  appeared  quite  noticeably  solu- 
ble in  water.  Evidently  then,  this  body  on  being  washed  more 
or  less  free  from  acid,  becomes  soluble  in  water  to  a  certain  extent, 
its  aqueous  solution  then  giving  a  strong  reaction  with  acetic  acid 
and  potassium  ferrocyanide.  The  great  bulk  of  the  precipitate  was 
therefore  washed  with  saturated  salt  solution  until  the  washings  were 
nearly  free  from  acid ;  then,  having  become  partially  soluble  in  water, 
it  was  placed  in  about  2  litres  of  water,  the  solution  ultimately 
saturated  with  sodium  chloride  and  the  caseose  again  precipitated 
by  addition  of  about  20  c.  c.  of  acetic  acid.  This  second  precipi- 
tate was  washed  somewhat  with  salt  solution  and  finally  with  a 
large  volume  of  water.     At  first,  the  washings  gave  no  reaction  with 

Tbans.  Conk.  Aoad.,  Vol.  VII.    49  Nov.,  1886. 
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acetic  acid  and  potassium  feiTOcyanide,  but  later  on,  these  reagents 
gave  a  heavy  precipitate,  showing  plainly  that  the  substance  was 
dissolving.  The  entire  precipitate  was  thereupon  dissolved  in  very 
dilute  sodium  carbonate,  the  solution  made  exactly  neutral  with 
hydrochloric  acid  and  then  dialyzed.  After  remaining  in  the  dial- 
yzers  for  nearly  a  week  the  fluid  was  removed,  filtered  from  some 
heterocaseose  which  had  separated,  evaporated  to  a  syrup  on 
the  water-bath  and  precipitated  with  alcohol.  This  precipitate 
was  re-dissolved  in  water,  the  solution  made  exactly  neutral  to 
test  papers  and  again  dialyzed.  From  this  solution,  the  caseose 
was  finally  precipitated  by  alcohol,  after  suitable  concentration  of 
the  fluid,  washed  with  alcohol  and  ether  and  dried  at  106**  C. 
^7A  vacuo.  The  final  solution,  prior  to  precipitation  by  alcohol, 
was  perfectly  neutral  and  quite  clear,  showing  no  evidence  of  the 
presence  of  any  heterocaseose. 

The  composition  of  the  substance  is  shown  in  the  accompanying 
table. 

Digestion  B, 

In  this  digestion,  750  grams  of  freshly  prepared  casein  were  mixed 
with  4  litres  of  0*4  per  cent,  hydrochloric  acid,  the  mixture  warmed 
at  45°  C,  and  then  800  c.  c.  of  pure  pepsin  solution  added.  The  mix- 
ture was  warmed  at  the  above  temperature  for  one  hour  and  a  half, 
then  neutralized  and  filtered,  and  the  clear  filtrate  saturated  with 
sodium  chloride.  This  precipitate,  as  in  the  preceding  digestion, 
was  washed  thoroughly  with  saturated  salt  solution,  then  succes- 
sively extracted  with  10  and  5  per  cent,  salt  solution  and  finally 
with  water,  leaving  a  small  residue  of  dyscaseose  soluble  only  in 
0*2  per  cent,  hydrochloric  acid.  The  united  filtrates,  containing 
proto  and  heterocaseose,  were  again  precipitated  with  salt  and  then 
treated  as  described  under  protocaseose  B. 

B,  Protocaseose, 

The  protocaseose  formed  in  this  digestion  and  twice  precipitated 
by  salt,  was  dissolved  again  in  water,  filtered  through  paper  and 
then  dialyzed  until  no  chlorine  reaction  could  be  obtained  with 
silver  nitrate.  Quite  a  little  heterocaseose  separated  from  the  solu- 
tion daring  dialysis,  which  was  removed  by  filtration.  The  fluid 
was  then  concentrated,  the  substance  precipitated  by  alcohol,  again 
dissolved  in  water  and  dialyzed.  This  time,  as  no  heterocaseose 
separated  from  the  fluid,  the  solution  was  concentrated,  precipitated 
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with  alcohol  and  the  substance  finally  dried  at  105°  C.  in  vacuo 
(Protocaseose  B  1).  Its  composition  is  shown  in  the  accompanying 
table. 

Such  portion  of  the  protocaseose  as  was  not  precipitated  the 
second  time  by  salt  alone,  was  precipitated  by  a  little  acetic  acid. 
At  first,  the  precipitated  substance  was  insoluble  in  water  (no  reac- 
tion with  acetic  acid  and  potassium  ferrocyauide),  but  after  being 
washed  with  salt  solution  until  the  acid  reaction  had  nearly  disap- 
peared, it  then  dissolved  quite  appreciably  in  water,  as  evidenced  by 
the  reaction  with  acetic  acid  and  potassium  ferrocyanide.  The  bulk 
of  the  precipitate,  after  being  wjished,  was  dissolved  in  a  little  very 
dilute  sodium  carbonate,  the  solution  made  exactly  neutral  with 
hydrochloric  acid  and  then  dialyzed  until  all  chlorine  was  removed 
from  the  solution.  The  caseose,  after  concentration  of  the  solution, 
was  precipitated  by  alcohol,  washed  with  alcohol  and  ether  and 
finally  dried  at  105°  C.  in  vacuo.  The  composition  of  the  substance 
(Protocaseose  B  2)  is  shown  in  the  accompanying  table. 

B.  Deuterocaseose, 

Deuterocaseose  was  separated  from  the  filtrate  from  the  first 
sodium  chloride  precipitate,  in  the  same  manner  as  in  the  preceding 
digestion.  Like  A.  deuterocaseose,  this  precipitate  was  at  first  in- 
soluble in  salt  solution  and  in  water,  but  after  being  washed  for 
some  time  with  saturated  salt  solution,  it  was  found  to  be  gradually 
dissolved,  as  shown  by  the  rapid  disappearance  of  the  precipitate 
and  the  pronounced  reaction  with  acetic  acid  and  potassium  ferrocy- 
anide in  the  wash-fluid.  Evidently  the  acid  is  easily  removed  from 
the  compound  by  simple  washing  and  when  that  has  been  eflfected, 
the  substance  becomes  soluble,  or  else  the  acid  compound  is  more 
insoluble  in  water  containing  a  little  free  acid,  than  in  water  or 
salt  solution  alone..  Hydrochloric  acid  and  acetic  acid  seem  to 
act  alike.  The  substance  is  readily  soluble  in  dilute  sodium  car- 
bonate and  is  not  precipitated  by  neutralization,  but  is  quickly 
thrown  down  by  a  slight  excess  of  hydrochloric  or  acetic  acid.  This 
compound  was  not  analyzed,  but  was  used  in  studying  the  reactions 
to  be  described  later. 

Digestion  C. 

In  both  of  the  preceding  digestions,  the  products  formed  resulted 
from  the  action  of  an  exceedingly  vigorous  pepsin  mixture.     In  the 
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present  case,  the  pepsin  solution  employed  was  much  weaker  and  the 
pepsin-casein  mixture  was  warmed  at  45°  C.  for  several  days  instead 
of  hours. 

750  grams  of  casein  were  employed  and  4  litres  of  0*4  per  cent, 
hydrochloric  acid,  to  which  was  added  a  reasonable  amount  of  pure 
pepsin  solution.  About  an  hour  after  the  addition  of  the  latter  the 
mass  began  to  gelatinize,  and  at  the  end  of  18  hours  the  whole  mix- 
tui*e  was  a  perfectly  stiff  jelly.  Thereupon,  2  litres  more  of  0*4  per 
cent,  acid  were  added  together  with  a  little  pepsin.  The  mixture  was 
then  kept  at  40-45**  C.  for  three  days  longer.  Quite  a  large  residue 
of  undigested  matter  remained,  semi-gelatinous  and  soluble  only  in 
alkalies.  The  mixture  was  then  neutralized  and  filtered.  The 
filtrate  contained  considerable  caseose,  as  evidenced  by  the  heavy 
precipitate  obtained  on  saturating  a  portion  with  sodium  chloride. 
In  tiie  preceding  digestions,  the  caseoses  were  separated  directly 
from  the  dilute  solutions,  without  previous  concentration,  thereby 
avoiding  any  possible  change  due  to  the  action  of  heat.  In  the  pre- 
sent case,  however,  the  perfectly  neutral  solution  was  evaporated  to 
a  small  volume  and  then  all  of  the  caseoses  were  directly  precipitated 
by  saturating  the  fluid  with  ammonium  sulphate.  The  precipitate 
produced  was  exceedingly  gummy,  but  was  washed  as  thoroughly 
as  possible  by  trituration  with  a  saturated  solution  of  ammonium 
sulphate.  The  caseoses  were  then  dissolved  in  water,  the  solution 
filtered  from  the  small  residue  of  insoluble  matter  and  saturated 
with  sodium  chloride.  The  protocaseose  so  separated  was  freed  from 
heterocaseose,  etc.  by  repeated  precipitation  and  dialysis. 

Carbon  and  hydrogen  were  determined  in  a  portion  of  the  dried 
substance  (Protocaseose  C  1)  with  the  following  results: 

I.  0*5107  gram  substance  gave  0*3101  gram  HaO=6'74  per  cent.  H  and 
0-»886  gram  CO9=50*ll  per  cent  C. 

II.  0*4088  gram  gave  0*0104  gmm  ash  =  4*80  per  cent. 

The  ash-free  substance  would,  therefore,  contain  52*64  per  cent,  of 
carbon  and  7*08  per  cent,  of  hydrogen. 

In  the  filtrate  from  the  first  salt  precipitate,  the  protocaseose  re- 
maining was  precipitated  by  the  addition  of  a  little  salt-saturated 
acetic  acid.  The  precipitate  after  being  washed  was  dissolved  in  a 
little  dilute  sodium  carbonate,  the  solution  neutralized  and  dialyzed. 

As  no  heterocaseose  separated  from  the  solution,  it  was  concen- 
trated and  then  precipitated  by  alcohol.  After  purification  by  re- 
Bolution,  dialysis,  etc.,  it  was  dried  at  105°  C.  in  vacuo  and  analyzed 
with  the  results  shown  in  the  accompanying  table  (Protocaseose  C  2). 
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Deuterocaseose  was  then  separated  from  the  filtrate  from  the  acetic 
acid  precipitate,  by  saturation  of  the  fluid  with  ammonium  sulphatp, 
as  recommended  by  Neumeister*  for  deuteroalbumose.  It  was  then 
purified  by  dialysis,  etc.,  and  its  reactions  carefully  studied.  So  far 
as  we  could  see,  it  differed  from  deuterocaseose  A  and  B  in  two 
respects  only,  but  these  points  showed  so  marked  a  difference  it 
was  plainly  evident  that  the  deuterocaseose  separated  by  ammo- 
nium sulphate  was  quite  different  from  deuterocaseose  A,  separated 
by  acetic  acid.  Thus  deutero  C  was  not  precipitated  at  all  in  an 
aqueous  solution  by  acetic  acid,  nor  by  acetic  acid  and  potassium 
ferrocyanide,  neither  was  its  aqueous  solution  precipitated  by  cupric 
sulphate.  The  significance  of  these  points  of  difference  will  be  dis- 
cussed later  on.  After  studying  the  reactions,  there  was  not  enough 
substance  remaining  for  analysis. 

Digestion  D, 

In  this  digestion,  2  kilos  of  freshly  prepared  casein  were  used, 
together  with  6  litres  of  0*4  per  cent,  hydrochloric  acid  and  an  appro- 
priate quantity  of  strong  pepsin  solution.  The  mixture  was  warmed 
at  45°  C.  for  five  hours,  then  neutralized  and  filtered  from  the  semi- 
gelatinous  residue. 

D.     Protocaseose. 

The  neutral  fluid  was  concentrated  to  about  1|  litres  and  then 
filtered  from  the  slight  flocculent  precipitate  which  had  formed. 
Saturation  of  the  fluid  with  sodium  chloride  gave  an  exceedingly 
heavy  precipitate,  somewhat  more  gummy  than  usual.  The  entire 
fluid,  however,  was  only  partially  saturated  with  salt,  with  a  view 
to  see  whether  the  precipitate  produced  in  this  manner  would  agree 
wholly  with  the  precipitate  produced  on  complete  saturation.  Thus 
a  fractional  precipitation  was  made,  in  which  the  first  fraction 
represents  that  portion  of  the  caseose  precipitated  by  about  two- 
thirds  saturation  of  the  fluid  with  salt.  This  precipitate  was  there- 
fore filtered  off,  washed  as  usual,  dissolved  in  water  and  re-precipi- 
tated with  salt.  As  dyscaseose  was  generally  found  only  in  traces, 
the  precipitate,  after  being  washed,  was  dissolved  at  once  in  water 
and  dialyzed  until  all  chlorine  was  removed  from  the  solution.  On 
opening  the  dialyzing  tubes,  quite  a  large  quantity  of  heterocaseosc 
was  found  adherent  to  the  sides  of  the  paper.     The  clear  solution  of 


*  See  Zeitschrift  fur  Biologie,  Band  xiiii,  p.  3«1. 
Trams.  Conn.  Acad.,  VoL  VII.    50  Nov.,  1886. 


im  : 

:•■;;•  ii  :  ■ 

ll'i- 

;;;:;:ii:; 

1-    !    ■ 

:  :  :  ;  :??  ;  :  : 

ni\i 

:   :  :   :  ^8*  : 
:   ;  :   :  ;5  9   :   :  1 

"  1  ■ 

.   :.||::::: 

m 


"  I 


■  ^  K  <e  o        g 


f  ??  ■  : 
t   z"  ■  ■ 


unz  0)0.0 


-aSa^-pgabXH 


1 90  Chittenden  and  Painter —  Casein  and  its 

protocaseose  was  concentrated,  precipitated  with  alcohol,  the  precipi- 
tate dissolved  in  water,  again  precipitated  with  salt  in  sabBtance,  the 
precipitate  dialyzed,  this  time  without  showing  any  heterocaseose, 
and  finally  precipitated  with  alcohol,  washed  with  alcohol  and  ether 
and  dried  at  106*  C.  in  vacuo  (Protocaseose  D  1).  The  product  was 
analyzed  with  the  results  shown  in  the  preceding  table. 

On  adding  more  sodium  chloride  to  the  first  filtrate  from  the  above 
precipitate,  thereby  completely  saturating  the  solution,  a  second 
precipitate  of  protocaseose  was  obtained,  which  was  purified  in  the 
same  manner  as  the  preceding  preparation.  The  only  difference 
noticed  while  purifying  the  substance  was  that,  on  dialysis,  nothing 
corresponding  to  heterocaseose  separated  from  the  fluid.  After  final 
washing  with  alcohol  and  ether,  the  substance  was  analyzed  with  the 
results  shown  in  the  accompanying  table  (Protocaseose  D  2). 

The  difference  in  the  results  will  be  discussed  later  on. 

The  original  salt-saturated  filtrate  was  precipitated  with  a  little 
acetic  acid,  and  the  protocaseose  so  precipitated  dissolved  in  dilate 
sodium  carbonate.  The  solution  was  then  neutralized  and  dialyzed 
in  running  water  until  all  chlorine  was  removed.  The  substance  was 
then  separated  by  precipitation  with  alcohol,  and  ultimately  purified 
as  described  previously  (Protocaseose  D  3).  The  addition  of  a  little 
more  acetic  acid  to  the  acetic  acid  and  salt-saturated  filtrate  from  the 
above,  gave  a  still  further  precipitate  of  caseose ;  presumably  proto- 
caseose with  perhaps  a  trace  of  deuterocaseose,  which  was  filtered 
off,  washed  with  saturated  salt  solution  and  then  freed  from  acid  and 
purified  in  the  same  manner  as  the  preceding  preparation  (Proto- 
caseose D  4). 

The  two  last  products,  after  being  dried  at  105°  C.  in  vacuOy  were 
analyzed  with  the  results  shown  in  the  following  tables. 

Comparing  these  two  tables,  it  is  seen  that  the  difference  in  per- 
centage composition  of  the  two  ash-free  substances  is  not  very  great, 
and  taking  into  consideration  the  large  percentage  of  ash,  it  is  proba- 
ble that  the  two  latter  precipitates  have  approximately  the  same 
composition. 

D.     Deuterocaseose, 

The  filtrate,  from  which  certainly  all  protocaseose  had  been  re- 
moved by  acetic  acid,  and  in  fact  nearly  everything  precipitable  by 
acid  from  the  salt-saturated  fluid,  was  treated  with  ammonium 
sulphate  in  substance.  A  gummy  precipitate  resulted,  which  natu- 
rally enclosed  considerable  salt,  and  which  for  purification  was  dis- 


Primary  Cleavage  Products, 


191 


co"^ 


«  ^w  a 


+ 

IB  S 


§.!«&> 


«^§ 


-s 


"W^ 


CO   =   S 


SZ5>* 


00 


a 


9      • 

is 

28 


Hd 


O^W^ 


•I    M 

8 


•         lilt      A      ep 
I        I         I        I        •      o      o» 


till 
I         I  •         I 


!-•  O 


I 

o 


s 


00 


lO 


CD 

s 


00 

i 


do 


00 


^ 


■^ 
!$ 


CQ        00 

9    9 


S 


CD 


n>(^ 


to 

CD 


3 


I  I 

I  I 

•  I 

I  • 


O 


C9 


CQ 


o     o 


o 


B  H  >  >  c  a 

'^      R      M      "^      ?>      P 


S)  ^  5?  ^  55  :**• 

y  <a  **«  *^  ^  ^ 
s  ^  ^  ^  **<  n 


^ 


•  o     • 


I  « 

•  I 

I  I       I 

I  •      I 


:$ 


•      •  00      • 

•  I    »-H         t 

•  I  <o      I 


I      •  o      • 

•       I    CD       I 


O   CD 

«      • 


i  I 

I  I 

•  I 

I  • 


O  W  ^  QQ  O 


199 


Chittenden  and  Painter — Camin  and  itt 


< 

*            *            *            •        OB        «M 

*       *       *      •      •      •    s    s 

•           1           1          •           •           ■        •           ■ 

t       .       •       •     le     ae 

Ash 
found, 
gnun. 

0-0217 
00910 

co>* 

•       -       *       •     dk     01       •       * 
1         •        •         *      zL      ^        *        • 
t                  1         1      o      ^         •         • 

y<^ 


i   £ 

a 


I 


a 
I 


I 


Ho 


,  XA 


J'  c  E 


s 


00       09 


§ 


do 


00 

s 


00 


•  I 

I  I 

I  • 

I  • 


■^ 


00 

9 


Coo   ^   »«i  Ci  « 
•       •       •      •     . 
®   •»   K  <o  ^ 


•       •  QD 

•    ,  a 
I 


• 


:c 


I  to      * 


I  I       • 

•       •    CO 


g    ? 


s 

o 


o 

3 


00  o 

■  • 

IS 


\v. 


C  e  S 
••  s  rt 


s 
all 

1^ 


.i 


CD        CO 


S 


3 

I'- 

o 


O  PI  ^  o: 


00       h» 

•        • 
o     o 


00 


00 


00 

o 
o 


HH        ►>.        J>        H-l        HH        H 


«iM: 


'■^  I 


Primary  Cleavage  Produota. 


mt 


II  : 


o  W  ^  (o  a.  o 


1 94  Chittenden  and  Painter —  Casein  and  its 

solved  in  water  and  dialyzed  antil  the  greater  portion  of  the  salt  was 
removed.  The  solution  was  then  concentrated  and  the  substance 
reprecipitated  by  saturating  the  neutral  solution  with  ammonium 
sulphate.  This  precipitate,  after  solution  in  water,  was  then  dialyzed 
until  all  of  the  ammonium  sulphate  was  removed,  after  which  the 
solution  was  concentrated  and  precipitated  with  alcohol.  When 
dry,  the  substance  gave  by  analysis  the  results  shown  in  the  accom- 
panying table. 

This  body  differs  from  all  of  the  preceding  preparations,  in  that  it 
is  not  precipitated  from  an  aqueous  solution  by  acetic  acid.  Neither 
is  it  precipitated  at  all  by  the  addition  of  salt  in  substance ;  but  the 
addition  of  a  little  acetic  acid  to  the  salt-saturated  fluid  gives  a  heavy 
precipitate  which,  however,  does  not  represent  all  of  the  deutero- 
caseose,  since  the  filtrate  gives  an  additional  precipitate  with 
ammonium  sulphate.  Apparently  about  one-half  of  the  substance  is 
precipitated  by  acetic  acid.  Further,  the  acetic  acid  precipitate 
in  this  case  differs  from  the  protocaseose  precipitate  with  acid,  in  that 
it  is  readily  and  completely  soluble  in  water.  This  body,  therefore, 
which  certainly  must  represent  pure  deuterocaseose,  shows  a  close 
resemblance  to  the  pure  deuteroalbumose  separated  by  Neumeister. 
Like  the  latter,  it  does  not  give  any  precipitate  whatever  with  cupric 
sulphate  nor  with  ferric  chloride  and  only  the  faintest  turbidity  with 
acetic  acid  and  potassium  ferrocyanide. 

D.     Heterocaseose. 

In  each  digestion,  evidence  was  obtained  at  various  points  in  the 
process  of  separation,  noticeably  on  dialysis  of  the  firat  protoalbumose 
precipitate,  of  the  presence  of  a  body  insoluble  in  water  but  soluble 
in  dilute  sodium  chloride  solution.  The  quantity  of  the  sub- 
stance, however,  was  in  most  cases  exceedingly  small,  so  much  so 
that  nothing  more  than  a  few  reactions  could  be  tried  with  it.  In 
the  present  digestion,  however,  the  amount  was  somewhat  larger, 
and  sufficed  for  a  partial  analysis.  The  substance  was  obtained  as  a 
more  or  less  gummy  residue,  on  dialysis  of  protoalbumose  1. 
It  was  purified  by  solution  in  10  per  cent,  sodium  chloride  and 
separation  by  dialysis.  Like  heteroalbumose,  the  whole  of  the 
substance  was  not  now  soluble  in  salt  solution,  for  a  portion  had 
apparently  been  converted  into  a  body  resembling  dysalbumose, 
insoluble  in  salt  solution  but  soluble  in  0*2  per  cent,  hydrochloric 
acid. 
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Analysis  of  the  dried  substance  gave  the  following  results  : 

I.  0-4011  gram  substance  gave  0*2463  gram  H.jO=6*82  per  cent.  H  and 
0-7484  gram  CO^=50-54  per  cent.  C. 

n.  0-4287  gram  gave  53-6  c.  c.  N  at  18 -B**  C.  and  760*1  mm.  pressure 
=14-70  per  cent.  N. 

III.  0*4118  gram  gave  0*0256  gram  ash  =6*21  per  cent. 

The  ash-free  substance  would  therefore  contain 

58*88  per  cent.  C,  7*27  per  cent.  H,  15*67  per  cent.  N. 

Reactions  of  the  caseoses. 

Under  this  head  little  need  be  said.  The  reactions  characteristic 
of  the  albumosc  bodies  in  general  will  apply  here.  Certain  differ- 
ences, however,  have  already  appeared  in  our  description  of  the 
processes  incident  to  separation  of  the  caseoses.  Protocnseose, 
unlike  protoalbumose,  is  precipitated  from  an  aqueous  solution  by 
acetic  acid.  The  precipitation,  liowever,  is  not  complete;  satura- 
tion of  the  acid  filtrate  wuth  sodium  chloride,  invariably  gives  an  * 
additional  precipitate  w^hich  is  the  heavier  of  the  two.  Further, 
long-continued  washing  of  the  acid  precipitate  with  water  or  salt 
solution  appears  to  partially  remove  the  acid  from  the  caseose  body. 
Protocaseoso  is  likewise  precipitated  from  an  aqueous  solution  by 
hydrochloric,  nitric  and  sulphuric  acids;  the  precipitate,  however,  is 
far  less  soluble  in  excess  df  sulphuric  or  nitric  acid  than  in  excess  of 
the  other  two  acids.  In  very  dilute  acids,  protocaseose  is  soluble 
and  is  partially  precipitated  by  addition  of  stronger  acid  of  the 
Barae  kind ;  Chus  the  substance  is  readily  soluble  in  0*4  per  cent, 
hydrochloric  acid,  from  which  solution  it  is  precipitated  by  the  addi- 
tion of  a  little  concentrated  acid,  this  precipitate  dissolving  on  the 
addition  of  more  acid.  Evidently  then,  protocaseose  as  fast  as 
formed  by  the  action  of  pepsin-hydrochloric  acid,  would  dissolve  in 
the  acid  gastric  juice  and  not  be  mrxed  with  the  jelly-like  insoluble 
residue.  Boiled  with  dilute  or  strong  acid,  protocaseose  is  appar- 
ently not  changed ;  at  least  no  precipitate  is  obtained  on  neutraliza- 
tion of  the  acid  fluid.  The  acetic  acid  solution  of  protocaseose  gives 
a  very  heavy  precipitate  with  potassium  ferrocyanide.  In  an  aque- 
ous solution  of  the  substance,  cupric  sulphate  gives  a  heavy  curd-like 
precipitate,  while  ferric  chloride  gives  a  similar  precipitate  read- 
ily soluble  in  excess  of  the  precipitant.  Like  protoalbumose,  proto- 
caseose is  precipitated  by  saturation  of  its  aqueous  solution  with 
sodiom  chloride,  but  never  completely ;  there  always  remains  in  the 

Trans.  Ck)NN.  Acad.,  Vol.  VII.    61  March,  1887. 
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filtrate^  a  portion  of  the  sabBtance  precipitable  only  on  addition 
of  acetic  acid. 

Of  the  several  preparations  of  denterooaseose,  those  precipiuted 
by  ammoninm  sulphate  are  evidently  the  only  ones  perfectly  pare. 
Further,  it  is  evident  that  this  substance  can  be  obtained  pure  onlj 
by  complete  removal  of  all  protocaseose  from  the  solution,  which 
implies  precipitation  of  a  large  portion  of  the  denterocaseose  also, 
and  then  precipitation  of  the  small  amount  of  dentero  remaining,  bj 
saturation  of  the  fluid  with  ammonium  sulphate.     D  dentero,  pre- 
pared in  this  manner,  shows  several  very  marked  points  of  differ- 
ence from  protocaseose.     In  the  first  place,  it  is  not  precipitated  in 
an  aqueous  solution  by  acetic  acid.     Further,  the  addition  of  potas- 
sium forrocyanide  to  a  solution  acidified  with  acetic  acid  fpves  uo 
precipitate  whatever.     Cupric  sulphate  and  ferric  chloride  both  fail 
to  produce  any  precipitate  in  an  aqueous  solution.     Pure  dentero- 
cnseose,  as  already  mentioned,  is  not  precipitated  by  saturation  of 
its  aqueous  solution  with  sodium  chloride ;  addition  of  acetic  acid, 
however,  to  the  Kalt-saturated  solution  gives  a  heavy  precipitate, 
which   represents  perhaps  half  of  the  dentero,  the   remainder  of 
which  is  precipitated  only  by  saturation  of  the  fluid  with  ammoniam 
sulphate.     It  is  thus  evident  that  in  the  precipitation  of  protocaseose 
from  a  salt-saturated  solution  by  acetic  acid,  more  or  less  deuteroca- 
sooso  will  be  likewise  i)reoipitated,  the  amount  depending  probably 
on  the  concentration  of  the  solution  and  other  minor  circumstances. 
Hence,  A  deutero  is  un(iuestionabIy  contaminated  with  some  proto- 
caseose, and  on  the  other  hand  protocaseose  D  3  and^,  and  perhaps 
protocaseose  C  2,  without  doubt  contain  some  denterocaseose.    That 
A  deutero  contains  some  protocaseose,  is  evident  from  the  fact  that 
it  gives  a  precipitate  with  cupric  sulphate,  and   further  its  aqueous 
solution  is  rendered  decidedly  turhid  by  acetic  acid.     Moreover,  the 
protocaseose  precipitated  by  acetic  acid,   and  which    may  contain 
some  deutero,  appears  to  differ  in  one  or  two  respects  from  either 
proto  or  denterocaseose.     Thus,  an  aqueous  solution  of  the  purified 
substance  is  precipitated  like  pure  protocaseose  by  acetic  acid,  but 
the  precipitate  is  only   partially  soluble  in  excess  of  the  acid  and 
even  that  requires  a  large  excess. 

With  nitric  acid,  pure  denterocaseose  gives  no  precipitate,  but  on 
irming  the  solution  the  xanthoprotein  reaction  comes  out  strongly. 

Composition  of  the  caseoses  and  their  relation  to  caeeiu. 

In  studying  the  composition  of  the  various  cascoses  we  have  been 
hampered  by  the  large  percentage  of  ash  invariably  present  in  all  of 
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Table  showing  relative  composition  of  the  Caseoses. 


Protocaaeose, 


A  1  NaCl  precipitate 
A2 


4< 


<( 


c 

52-50 
53-85 


A  3  Acetic  acid  precipitate '  52*59 

B  1  NaCl  precipitate 52-91 

B  2  Acetic  acid  precipitate 52*43 

C  1  NaCl  precipitate \  52-64 

I 

C  2  Acetic  acid  precipitate 51-73 

D  1  NaCl  precipitate 53-93 

D  2      **  **         152-84 


D  3  Acetic  acid  precipitate 52-05 


D4 


»( 


it 


<( 


Deuterocaseose. 


A,    Acetic  acid  precipitate. . 


D.    (NHOaSO* 


(( 


HeterocoMose, 


D. 


Casein, 


Average  of  Nos.  I- VII 


52*88 

51*59 
51-79 

53-88 

53-30 


H 
7*15 


7*01 
7*08 


7*05 


N 
15*73 


7*21  I  15*84     0-98 


S 
0*96 


7*17  '  15*70 

i 

7*06     15-65 


16-19 


7*15  15-85 
7*17  16*06 
7*10  I  15*86 
713  16*12 
707  1  16*13 


6*98     15*73 


16*00 


7-27     15-67 


7-07     15-91 


0-90 
0*90 
0*90 


0*85 


1*06 
0*98 


1*17 


O 
23*66 
22*12 
23*64 
23*48 
23-47 


0-79     24-48 


22  00 


1-04    23*16 


23*64 
22*94 


0-75  i  25*03 


23-99 


0-82     22*03 
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the  preparations.  We  have  already  commented  on  the  difficulty,  in 
fact,  im|»ossibiIity,  of  removing  certain  inorganic  salts  after  they 
have  once  been  brought  in  contact  with  a  caseose  body.  Repeated 
precipitation  appears  to  afiect  the  percentage  of  ash  but  little.  The 
reason  for  the  large  |K.'rcentage  of  ash  lies  in  the  precipitation  of  the 
cast'Oses  from  such  large  volumes  of  fluid.  We  thought  it  unwise  at 
first,  to  expose  the  bo<lies  to  the  long  continued  evaporation  neces- 
sary for  precipitation  with  a  small  amount  of  salt.  To  avoid  the 
possible  danger  of  change,  therefore,  the  large  volumes  of  fluid 
resulting  from  the  several  digestions  were  saturated  directly  with 
salt,  and  as  this  involved  the  use  of  large  quantities,  calcium  salts 
and  some  iron  as  im]>uritics  in  the  sodium  chloride,  were  unavoid- 
ably introduced.  These,  the  caseoses  seemed  at  once  to  catch  hold 
of  and  retain,  in  spite  of  oft-repeated  purification.  In  the  digestion 
/>,  in  which  the  fluid  was  concentrated  somew*hat  before  precipita 
tion,  the  percentage  of  ash  is  seen  to  be  somewhat  smaller  than  in 
preparations  from  the  other  digestions. 

In  comparing  the  composition  of  the  individual  protocaseoses  (see 
the  accompanying  table)  it  is  seen  that  two  of  the  bodies  show  a 
content  of  carbon  somewhat  higher  than  casein  itself,  while  the 
average  of  all  the  others,  with  one  exception,  shows  a  content  of 
carbon  a  little  lower  than  casein.  Leaving  out  the  acetic  acid  pre- 
cipitate C  2,  the  average  of  the  remaining  ten  preparations  of  proto- 
caseoM*  shows  the  following  comp<)sitioii  for  this  substance: 


ProtfK'aseose 
(Jasein . 


c 

n 

y 

.9 

0 

52 -89 

7-10 

15d4 

0-95 

2812 

^•30 

7  07 

lo-Ql 

0-82 

*>>-03 

Plainly,  the  averai^e  of  our  results  would  indicate  that  protocaseosc 
<loes  not  differ  e>sentially  in  composition,  from  the  casein  from  which 
it  is  formed.     A  sli<rlitly  smaller  content  of  carbon  is  the  only  notice- 
able ditrereiice.     To  be  sure  the   in<lividual   results  show  noticeable 
variation  in  the  ]»ercentaixe  of  carbon,  but  bearing  in  mind  the  large 
amount  of  ash  ]u*esent  in  the  preparations,  it  is  evident  that  the  aver- 
aL^e  result  is  of  more  value  than  the  results  obtained  in  any  one  case. 
As  to  tin*  lower  content  of  carbon  in  so-called  protocaseose  C  2,  it  is 
probable  that  this  body  is  composed  mainly  of  deuterocaseose.     The 
two  caseoses  being  precipitated  together  in  this  digestion  by  ammo- 
nium sulphate  and   then  separated  afterwards   from  a  fairly  concen- 
trated solution   by  saturation  with  salt  and  addition  of  acetic  acid, 
renders  it  probable  that  the  protocaseose  was  more  completely  precip- 


f 
f 
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itated  than  usual  by  salt  alone ;  and  farther,  it  is  probable  that 
on  addition  of  acetic  acid  to  the  concentrated  and  salt-saturated 
fluid,  a  much  larger  proportion  of  deutcrocaseose  was  precip- 
itated. In  confirmation  of  this  view  it  was  noticed  that  the 
amount  of  deutcrocaseose  obtained  by  the  later  precipitation  with 
ammonium  sulphate  was  quite  small ;  far  smaller  proportionally  than 
obtained  in  D.  That  the  body  contained  some  protocaseose,  was 
evident  from  its  reaction  with  cupric  sulphate  and  with  acetic  acid. 

Pure  deutcrocaseose  evidently  contains  a  smaller  content  of  car- 
bon  than  prptocaseose.  It  is  equally  evident  that  it  is  a  body 
farther  removed  from  casein  than  i)rotocaseose.  Its  general  reac- 
tions show  a  closer  relationship  to  peptone  than  to  casein  or  the 
proto-body.  Heterocaseose,  on  the  other  hand,  judging  from 
analysis  of  a  single  preparation,  contains  fully  as  much  if  not  more 
carbon  than  casein  itself. 

Nearly  all  of  the  caseoses  show  a  somewhat  higher  percentage  of 
sulphur  than  casein,  but  probably  the  increase  (0*1  per  cent.)  is  due 
mainly  to  a  trace  of  sulphate  in  the  ash,  not  accounted  for.  Owing 
to  the  large  amount  of  phosphate  in  the  ash  of  the  different  prepara- 
tions, phosphorus  was  sought  for  only  twice.  In  both  of  these,  how- 
ever (protocaseose  D  1  and  deutcrocaseose  D),  the  phosphorus  in  the 
ash  was  the  exact  equivalent  of  tlie  total  phosphorus  found  after 
fusion  with  potassium  hydroxide  and  nitrate.  This  might  indicate 
that  in  the  cleavage  of  casein  with  pepsin-hydrochloric  acid,  the 
phosphorus  of  the  casein  is  removed  in  the  form  of  a  phosphorized 
body,  leaving  the  thus  non-phosphorized  matter  to  break  down  into 
the  caseoses.  With  this  thought  in  mind,  we  propose  to  study  later 
the  nature  and  composition  of  the  insoluble,  semi-gelatinous  body 
separated  in  the  first  stage  of  digestion.  We  also  hope  to  extend 
our  work  by  a  study  of  Weyl's  commercial  "casein-peptone,"  pre- 
liminary examination  of  which  has  shown  us  the  presence  in  large 
quantities  of  caseoses.  In  this  way  and  by  a  somewhat  different 
method  of  isolating  the  individual  caseoses,  we  hope  to  verify  our 
present  work  and  at  the  same  time  obtain  products  comparatively 
free  from  ash,  with  which  to  establish  beyond  question  the  composi- 
tion of  the  caseoses.  We  are  also  occupied  in  a  study  of  pure,  casein- 
peptone,  purified  according  to  the  method  made  use  of  by  Kuhne 
and  Chittenden  in  the  study  of  fibrin-peptone. 


ISFLUENCE    OF    SOMB     ORGANIC      AND     InOBGANIG     SuBSTANCES    OX 

Gas   Metaboijsm.    By  R.  H.  Ciiiitendsn  and   6.    W.  Cum- 

MINS,   Ph.B. 

While  much  time  has  been  spent  during  the  past  few  years  in 
studying  the  influence  of  various  substances  on  proteid  meta1)oli8m, 
far  less  attention  has  been  paid  t(»  the  effects  of  these  substances  on 
the  consumption  of  oxygen  and  the  elimination  of  carbonic  acid. 
Naturally  in  studying  the  influence  of  any  substance  on  the  nutrition 
of  the  body,  we  need  to  know  not  only  its  action  on  the  excretion  of 
nitrogen  but  also  its  influence  on  the  production  of  carbonic  acid.  In 
this  way  only  can  we  arrive  at  a  true  understanding  of  the  influence 
of  the  substance  on  total  metabolism,  and  obtain  the  necessary  daU 
from  which  to  draw  conclusions  as  to  its  influence  on  the  consump* 
tion  of  either  nitrogenous  or  non-nitrogenous  matter.  The  difficuUies, 
however,  in  the  way  of  carrying  on  consecutive  determinations  of  the 
relative  amount  of  carbonic  acid  eliminated  by  the  lungs  are  consid- 
erable, and  in  the  absence  of  the  necessary  respiration  apparatus,  the 
difliculties  are  greatly  increased.  We  have,  however,  endeavored  to 
carry  on  some  experiments  in  this  direction,  and  although  lacking 
the  ordinary  appanitiis  we  have  still  been  able  with  the  means  at  our 
disposal  to  obtain  some  interesting  results,  a  portion  of  which  are 
simply  confirmatory  of  previous  work,  while  others  are  wholly  new. 

The  apparatus  employed  in  measuring  the  amount  of  carbonic  acid 
eliminated  is  shown  in  the  accompanying  illustration  (see  Plate).    The 
chamber  in  which  the  animal  was  placed  during  the  experiment,  was  a 
bell  jar  of  JV2  litres  capacity,  with  ground  edge  fltting  closely  upon  a 
smooth  glass  plate.     This  when  coated  with  grease  made  a  perfectly 
tight  joint,  but  in  order  to  avoid  any  possibility  of  error,  the  jar  and 
plate  were  placed  in  a  shallow  pan  of  galvanized  iron,  and  water  poured 
in  to  the  depth  of  2-3  inches,  thus  insuring  a  perfectly  air-tight  joint 
In  the  top  of  the  bell  jar  was  an  oj)ening,  closed  with  a  doubly  perfor- 
ated rubber  stopper,  through  which  passed  two  tubes;  one  brinc^ing 
air  into  the  chamber,  the  other  carrying  it  to  the  absorption  apparatus. 
The  inlet  tube  (to  the  left  of  the  figure)  was  prolonged  so  as  to  admit 
the  air  nearly  at  the  bottom  of  the  jar,  while  the  outlet  tube  came 
just  through  the  stopper,  thus  insuring  a  perfect  circulation  of  air. 
Air  was  drawn  through  the  chamber  by  means  of  three  aspirators, 
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two  of  which  had  a  capacity  of  15  litres  and  one  of  1^  litres.  The 
three  aspirators  working  together  w^oiiUl  therefore  draw  through  the 
chamber  37^  litres  of  air  at  every  filling,  and  the  flow  was  so  regulated 
that  30  minutes  were  required  to  draw  that  amount  of  air  through 
the  apparatus.  The  flow  of  water  frora  the  aspirators  was  quite  regu- 
lar, since  the  inlet  tubes  went  to  the  bottom  and  the  air  had  to 
bubble  up  through  the  water,  as  the  latter  ran  out,  on  the  principle 
of  Mariotte's  bottle.  The  rate  of  flow  was  regulated  by  carefully 
changing  the  diflference  in  height  between  the  inlet  tube  (for  air)  of 
the  aspirator  and  the  outlet  tube  (for  water).  This  of  course,* at  the 
outset,  was  a  tedious  operation,  but  when  once  perfected  and  the 
apparatus  permanently  set  up,  the  three  aspirators  ran  exactly  to- 
gether, with  a  maximum  variation  of  15  seconds  for  the  half-hour, 
which  variation,  however,  was  seldom  observed.  In  addition,  each 
aspirator  was  marked  oflf  into  eight  divisions,  the  last  one  of  which 
was  equal  to  only  one-half  of  the  others.  In  the  two  large  aspirators 
these  divisions  indicated  exactly  the  same  volume,  while  in  the  small 
aspirator  the  divisions  represented  half  the  capacity  of  the  former; 
but  the  flow  of  water  in  the  latter  was  regulated  to  consume  the 
same  amount  of  time  as  in  the  former.  Hence  four  minutes  were 
required  for  the  water  to  flow  by  each  of  the  first  seven  divisions, 
and  two  minutes  for  the  last,  making  a  total  of  thirty  minutes  for  the 
entire  volume  of  water  to  flow  from  each  aspirator. 

The  tube  drawing  the  respired  air  from  the  chamber  in  which  the 
animal  was  enclosed,  was  divided  a  short  distance  from  the  chamber, 
as  seen  in  the  figure,  and  two-fifths  of  the  mixed  air  was  drawn 
successively  through  three  absorption  tubes  filled  with  a  standard 
solution  of  barium  hydroxide  for  absorption  of  the  carbonic  acid. 
The  absorption  tubes  were  about  two-thirds  of  a  metre  long  and  the 
lower  tube  (a)  contained  100  c.  c.  of  a  standard  baryta  solution,  the 
middle  tube  {b)  also  100  c.  c.  of  the  solution,  and  the  upper  tube  (c) 
50  c.  c.  The  amount  of  carbonic  acid  absorbed  was,  at  the  end  of  the 
experiment,  determined  by  titration  with  a  standard  solution  of  oxalic 
acid,  using  phenol-thalein  as  an  indicator.  Two  titrations  were  made, 
one  of  the  contents  of  tube  a  and  one  of  the  contents  of  the  two  tubes 
b  and  c.  By  u.«*ing  the  three  tubes,  absorption  of  the  carbonic 
acid  was  quite  complete.  In  order  to  aid  absorption,  the  air  was 
broken  into  small  bubbles  by  being  forced  through  a  small  tube  dip- 
ping beneath  the  barium  hydroxide.  Frequent  blank  experiments 
showed  that  all  of  the  connections  were  perfectly  tight,  and  further, 
all  of  the  tubes  being  in  the  same  position,  that  the  flow  of  water 
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from  each  aspirator  was  perfectly  aniform,  and  that  the  aspirator 
coald  be  relied  apon  to  draw  the  given  volume  of  air  through  the 
apparatus  in  the  time  designated  without  any  appreciable  variation. 
In  addition,  the  two-fifths  drawn  through  the  absorption  tubes  for 
determination  of  the  carbonic  acid  was  always  exactly  two-fifths  ef  the 
aspirated  air;  since  the  aspirators,  as  already  remarked,  worked  with 
perfect  uniformity.  Any  tendency  to  variation,  either  in  the  time, 
or  in  the  action  of  the  individual  aspirators,  was  noticed  at  the 
very  outset  of  the  experiment,  as  the  water  reached  the  level  of  the 
different  marks  on  the  aspirators,  and  could  be  at  once  checked  or 
controlled  by  moving  slightly  the  water  outlet  tube  so  as  to  either 
increase  or  diminish  the  difierence  in  height  between  the  latter  and 
the  inlet  tube  for  air.  Theoretically,  variations  in  the  temperature  of 
the  water  in  the  aspirators  might  affect  somewhat  the  volume  of  air 
analyzed,  but  a  constant  determination  of  the  temi>erature  of  tlie 
water  showed  such  slight  variations  that  they  did  not  seem  to  justify 
us  in  making  any  corrections  for  possible  change  in  the  amount  of  air 
aspirated.  Naturally,  all  of  the  supports  for  the  three  absorption 
tubes  were  permanently  placed,  so  that  there  could  be  no  change  of 
position ;  the  tubes  themselves  placed  in  the  same  position  in  the 
holders;  the  volumes  of  baryta  solution  invariably  the  same,  so  as  not 
to  increase  or  decrease  the  pressure  to  be  overcome ;  and  lastly  the 
aspirator  tubes  and  stoppers  fastened  so  as  not  to  admit  of  any  change. 
With  these  ])recautionH,  tlie  results  obtained,  both  as  to  the  volume 
aspirated  and  the  time  consumed,  were  quite  satisfactory. 

As  already   mentioned,  the  total  capacity  of  the  three  aspirators 
was  37i  litres  or  5^  litres  more  than   the  capacity  of  the  bell  jar. 
This  amount  of  air  drawn  through  the  chamber  in  30  minutes,  was 
more  than  enough  to  supply  the  largest  rabbit  experimented  on,  wiih 
the  necessary  amount  of  oxygen.     But  there  must  have  been  a  slight 
accumulation  of  carbonic  acid  in  the  air  of  the  chamber;  this,  how- 
ever, was  a  constant  factor  throughout  the  experiments.     Further, 
the  results  obtained,  expressed  in  milligrams  of  CO,,  do  not  represent 
the  total  amount  of  carbonic  acid  eliminated  by  the  rabbit  during 
the  thirty  minutes  of  the  experiment,  but  simply  the  amount  of  CO 
contained  in  the  37^  litres  of  air  aspirated  during  that  time.     Such  a 
result,  however,  ought  certainly  to  show  just  as  plainly  any  influence 
on  the  elimination  of  carbonic  acid,  as  a  determination  of  absolute 
quantity  and  thus  be  equally  valuable  as  an  indication  of  influence  or 
lack  of  influence  on  the  gas  metabolism  of  the  body.     Further,  the 
results  thus  obtained  ought  to  express  equally  as  well,  the  comparative 
action  of  the  various  substances  experimented  with. 
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In  every  experiment,  the  time  at  which  the  animal  was  introduced 
into  the  bell  jar  was  exactly  noted  and  then  two  minutes  were  allowed 
before  starting  the  aspirators,  to  make  all  of  the  connections  properly. 
The  rabbit  was  therefore  under  the  bell  jar,  in  each  determination  of 
carbonic  acid,  for  exactly  thirty-two  minutes.  The  aspirators  were 
started  simultaneously  and  their  progress  carefully  watched,  in  order 
to  check  any  slight  irregularity  that  might  show  itself. 

The  animals  experimented  with  were  wholly  rabbits,  and  prelimi- 
nary trials  showed  us  plainly  that  it  was  very  necessary  to  have 
them  in  a  condition  of  hunger  during  the  experiment,  in  order  to 
avoid  the  irregularities  incident  to  change  in  digestion.  Further, 
we  soon  found  that  this  was  best  accomplished  by  depriving  the 
animal  of  food  for  three  days,  after  which  the  experiment  was 
commenced  and  allowed,  as  a  rule,  to  extend  through  three  con- 
secutive days,  the  animal  being  deprived  of  food  during  the  entire 
period.  On  the  first  of  the  three  days,  eight  determinations  of 
carbonic  acid  were  made  arid  the  results  obtained  were  used  as  a 
control,  with  which  to  compare  the  results  obtained  on  the  two  fol- 
lowing days,  when  the  animal  was  being  dosed  with  the  substance 
experimented  with.  This,  as  a  rule,  we  found  to  be  the  most  satis- 
factory method  of  procedure,  since  small  differences  could  not  be 
relied  upon  as  expressing  anything  of  importance;  for  the  varying 
restlessness  of  the  confined  animal,  involving  more  or  less  muscular 
activity,  would  many  times  lead  to  variations  in  the  amount  of  car- 
bonic acid  excreted,  as  may  be  noticed  in  the  control  experiments  on 
those  days  when  the  animals  were  not  dosed.  Hence,  the  average  of 
several  consecutive  results  must  necessarily  express  more  correctly 
the  average  elimination  of  carbonic  acid  than  any  single  result. 
Further,  we  deemed  it  better  to  allow  the  experiments  to  extend,  as 
a  rule,  over  several  days  and  thus  study  the  action  of  small,  repeated 
doses  of  the  various  substances  rather  than  to  observe  the  eiFocts  of 
a  single  large  dose,  where  violent  action  might  naturally  be  expected. 

The  following  table  of  results  illustrates  the  way  in  which  our 
experiments  have  been  conducted,  and  at  the  same  time  shows  the 
extent  of  variation,  in  the  amount  of  carbonic  acid,  to  be  expected 
under  normal  circumstances  from  day  to  day.  In  this  experiment, 
the  rabbit  had  been  deprived  of  food  for  three  days,  and  the  results 
show  the  amount  of  carbonic  acid  in  the  37*5  litres  of  aspirated  air 
for  four  distinct  periods,  during  the  fourth  and  fifth  days.  As  already 
stated,  the  total  amount  of  baryta  solution  employed  in  the  three 
absorption  tubes  was  250  c,  c,  of  which  100  c.  c.  were  used  in  the  first 

TRAH&  Conn.  Aoad.,  Vol.  YU.    52  March,  1887. 


204       Chittenden  and  Gumniins — Inflvsnce  of  some  Organic  ' 

or  lower  tube  (:i),  while  the  remainder  was  used  in  the  two  other 
tubes  b  and  c.  Several  solutions  of  oxalic  acid  were  employed,  the 
average  strength  of  which  was  such  that  1  c.  c.  equaled  about  20 
milligrams  of  carbonic  acid. 


Time. 

Oxalic  acid  to 
neutralisse  ba- 
ryta solution. 

Total  oxalic  acid 
used.    c.  c. 

Oxalic  acid  equiva- 
lent to  260  c.  c. 
HaiOH)3.     c.  c. 

Difference,     c.  c.  ox- 
alic acid. 

d 

a 
us 

o 

COa  in  37  5  L.  aspi- 
rated air.     mg. 

tube  a. 
c.  c 

-^  d 
2-^  d 

3  oc  o 

a 

Marcli  18. 

9:48  to  10:18 

10-4 

25-0 

35-4 

45-1 

9-7 

180-2 

450*5 

38-8 

11:51  to  12:21 

10-6 

25-2 

35-8 

451 

9-3 

172-7 

4320 

38-1 

2:59  to  3:29 

10-5 

26-3 

35-8 

45-1 

9-3 

172-7 

4320 

38-2 

6K)3  to  5:33 

10-4 

24-9 

35-3 

45-1 

9-8 

1820 

455-1 

88-3 

March  19. 

8:59  to  9:29 

10-2 

25-1 

35-3 

45-1 

9-8 

182-0 

455-1 

88-8 

10:53  to  11 :23 

10-9 

25-3 

36-2 

45  1 

8-9 

165-3 

413*4 

87-7 

2:58  to  3:23 

10-2 

24-2 

34-4 

461 

10-7 

198-7 

496*8 

88-7 

4:51  to  5:21 

10-6 

24-9 

35-5 

451 

9-6 

178-3 

445'9 

88-9 

Average, 

10-5 

25  0 

35-5 

451 

9-6 

179-0 

447-6 

88-4 

Action  of  uranyl  nitrate. 

As  stated  in  a  preceding  article,*  the  physiological  action  of  ura- 
nium sails  has  been  little  studied.  Experiments  are  now  in  progress 
to  show  the  influence  of  uranium  on  proteid  metabolism,  and  our 
present  results  show  the  influence  of  this  substance  on  the  excre- 
tion of  carbonic  acid.  The  rabbit  first  experimented  with  was  de- 
prived of  food  for  three  days,  and  on  the  fourth  day  the  experi- 
ment was  commenced,  extending  through  three  entire  days,  during 
which  time  the  animal  was  without  food.  The  accompanying  tables 
show  the  results  obtained.  The  body  temperature  was  ascertained 
by  inserting  a  self-regisiering  thermometer  into  the  rectum. 


*  Chittenden  and  Uutchineon,  this  volume. 
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A  study  of  the  first  results  shows  plainly  a  decided  action  on  the 
part  of  the  uranium  salt.  The  influence  of  the  salt,  however,  mani- 
fests itself  somewhat  slowly,  and  it  is  not  until  the  third  day  that  its 
action  becomes  very  pronounced,  when  the  increased  excretion  of  car- 
bonic acid  becomes  very  noticeable,  accompanied  with  a  slight  rise 
in  temperature.  The  first  action  of  the  uranium  appears  to  cause  a 
diminution  in  body  temperature  and  in  the  amount  of  carbonic  acid 
eliminated.  The  total  amount  of  uranium  salt  given  was  quite  large 
(1'176  grams  in  divided  doses),  and  although  no  especial  toxic  symp- 
toms showed  themselves,  the  animal  died  on  the  day  following  the 
conclusion  of  the  experiment. 

A  second  series  of  experiments  was  tried,  using  smaller  amounts 
of  uranium  nitrate  and  extending  through  four  days,  the  results  of 
which  are  also  shown  in  the  accompanying  tables.  The  rabbit  was 
deprived  of  food  ^or  four  days  prior  to  commencing  the  experiment. 
The  amount  of  uranium  nitrate  given  was  considerably  smaller  than 
the  quantity  employed  in  the  first  series  of  experiments,  and  the 
animal  did  not  suffer  any  permanent  ill  effects  from  its  use.  The 
following  table  shows  the  average  daily  result,  expressed  in  milli- 
grams of  CO,  contained  in  the  37*6  litres  of  aspirated  air,  together 
with  the  average  body  temperature. 


[ay  8. 

88-r  C. 

674-3  milligrams  COa 

"    4. 

390 

540-8 

"     5. 

39-9 

581-2 

"     6. 

88-5 

716-3 

The  uranium  nitrate  was  introduced   by  hypodermic  injection  in 
the  following  quantities : 


May  3. 
"    4. 

5:18  p.  m. 

0 
0-080, 

gram 

of  the  salt 

"    5. 

8:40  a.  m. 

0-090 

"    5. 

10:20  a.  m. 

0-100 

**    5. 

12:40  p.  m. 

0-150 

"    5. 

3:25  p.  m. 

0-150 

"    5. 

5:15  p.  m. 

0-200 

"    6. 

0 

0-770 


In  this  second  series  of  experiments  it  is  to  be  noticed  that  the  first 
two  days  are  given  up  wholly  to  determining  the  normal  excretion  of 
carbonic  acid,  and  the  results  show  fully  how  close  an  agreement 
may  be  expected  under  normal  circumstances.     Taking  the  results 
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FntBT  Sbribs  op  Expekoibnts  with  Ukasicm. 
Normal  period,  without  uranium  nitrate. 


Dale. 

Oxalic  acid  lo 
neulralize  bn- 
rjta  BuJution. 

5  ri 

11 

ii 

1 

April  19. 

is 

til 

1- 

9:47  to  10:17 

6-5 

248 

31-3 

4fl-3 

150 

278-9 

697-3 

38-7 

10;«to  H:15 

7-8 

25-8 

83-6 

40-3 

12-7 

285-8 

588-3 

38-7 

UMto  13:16 

7-9 

35'8 

38-7 

46-3 

12-6 

288-4 

583-4 

88-6 

a^Mto  2:84 

8-4 

36-3 

B4'7 

46-!t 

11-6 

314-9 

537-3 

88-4 

3:37  to  837 

B-4 

361 

34'5 

463 

11-8 

818-6 

546-6 

88-7 

S::S8t<)4:38 

83 

36' 1 

84 '3 

46-8 

13-0 

231-4 

553-5 

38-6 

4^'i2  to  S:23 

8-5 

283 

34 '7 

48 '8 

11-6 

314-9 

537-3 

38-7 

Average, 

7-9 

359 

33'8 

46'3 

12-5 

3810 

577-7 

38-9 

April  20. 

W, 

hurar 

turn  nitraU. 

DKWto  8:34 

7-8 

S5-9 

88-3 

46-3 

18-1 

343-7 

606-8 

38-4 

9:67  to  10:37 

8-8 

36-8 

351 

46-3 

11-2 

307-5 

518-8 

88-4 

10:59  to  1139 

9-8 

26-6 

86-4 

46-3 

9-9 

18&-4 

<S»-6 

882 

ll:S8to  1338 

8-7 

36-8 

36-0 

46-3 

11-3 

aoo-8 

S«-5 

881 

l:BBto's39 

8'8 

aa-8 

83-1 

46-8 

11-3 

207-5 

5IS-S 

88-4 

3:1)1  to  831 

8-8 

26-6 

SS'8 

46-3 

11 -0 

204-8 

513-0 

88-8 

8:46  to  4:16 

8-4 

36-1 

34-5 

48-3 

11-8 

318-6 

446-6 

891 

4:41  to  5:11 

6-8 

353 

830 

46-3 

14-8 

264-9 

Jtr^ 

88-B 

ATerage, 

8-4 

S68 

34-6 

46-3 

11-7 

217-8 

535-» 

38-5 

and  Inorganic  Substances  on  Gas  Metabolism, 


207 


With  uranium  nitrate— continued. 


Oxalic  acid  to 

• 

*    e\    *? 

• 

g 

• 

1 

'5.  , 

• 

0 

neutralize  ba- 

73 

^    O     O 

• 

o 

%^ 

b 

Date. 

ryta  solution. 

03    o 

2*"  « 

6 

a 
c8 

^^ 

CO 

•2  6 

• 

£> 

^u 

s, 

April  21. 

IS 

Si  C     . 

^    OS    c 

1=* 

xalic  aci 
lent  to 
Ba(OH 

ififerencc 
alic  aci( 

•• 

CO 

Oa  in  37 
rated  ai 

a 

g    w    w 

Eh 

O 

Q 

o 

o 

m 

A.  H. 

9K)2  to  9:82 

5-0 

22-4 

27-4 

46-3 

18-9 

350-1 

875-5 

39-2 

9-^  to  10-^ 

6-0 

24-9 

30-9 

46-3 

15-4 

285-1 

712-8 

38-9 

10:55  to  11:26 

60 

24-7 

30-7 

46-3 

15-6 

289-0 

722*6 

39-0 

11-47  to  12:17 

5-7 

24-8 

80-5 

46-3 

15-8 

292-7 

731-9 

39-4 

p.  M. 

2K)0  to  2:80 

7-8 

25-7 

380 

46-8 

13-8 

246-4 

6161 

391 

2:55  to  8:25 

6-0 

250 

310 

46-3 

15-3 

283-4 

7087 

39-1 

3:47  to  4:17 

8-4 

26-2 

34-6 

46-3 

11-7 

216-7 

541-5 

39-2 

4:42  to  5:12 

9-3 

26-6 

35-9 

46-3 

10-4 

192-6 

481-7 

39  1 

Average, 

6-7 

25  0 

31-7 

46-3 

14-6 

269-5 

6739 

391 

The  following  figures  give  the  average  daily  result  in  body  tem- 
perature and  in  the  amount  of  carbonic  acid  contained  in  37*5  litres 
of  aspirated  air : 


April  19,        38*9*'  C. 

20,  88-5  ** 

21,  39*1   " 


(< 


(( 


577-7  milligrams  CO, 
535-9         **  ** 

673-9         **  ** 


The  uranium  nitrate  was  introduced  by  hypodermic  injection  in 
the  following  quantities : 


Apri] 

119, 

5-40  p.  m. 

0-050  gram  of  the  salt. 

20, 

8*55  a.  m. 

0-100 

20, 

10-85  a.  m. 

0-100 

20, 

12*40  p.  m. 

0150 

20, 

1-85  p.  m. 

0-150 

20, 

5-30  p.  m. 

0-300 

21, 

8*55  a.  m. 

0-200 

21, 

2-45  p.  m. 

0-125 
1-175 

The  animal  died 

on  the  22d. 
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BBC 

XySD  BERIEB  OF  KTT 

Normal  period. 

without 

IB  WITH   URAIilU] 

uranium. 

Date. 

Oxalic  acid  to 
oeutraiize  ba- 
ryta solution. 

=  d 

e 

H      . 
C  ^ 

1 

■    • 

s    . 
•  >  z>  ^ 

ii-f  d 
c  o 

»s 

•C  CI  ^ 

K 

■ 
M 

w 

d 

d 

'it 

P  = 

5*5 

1 

d 

c 

m 

1       -L 

■  ^^ 

• 

f 

May  3. 

• 

-  d 

s 

A.  M. 

9:08  to  9:38 

9-2 

24-3 

33-5 

44-8 

1            j 

11-3 

228-4 

38-9 

10:08  to  10.38 

9-5 

25-0 

84-5 

'   44-8 

10-8 

208-2 

520-S 

88-8 

llK)3to  11:33 

8-7 

24-4 

1 

331 

44-8 

11-7 

286-5 

1 

591-3 

88-9 

llJ57to  12:27 

8-6 

24-2; 

32-8 

1   44-8 

12-0 

242-5 

1 

6o6-s 

38-7 

p.  M. 

2K>7to  2:37 

9-7 

25-0 

34-7 

44-8 

10-1 

1    2W1 

Sio-4 

'   88-8 

2-^9  to  3:29 

8-3 

24-2 

32-5 

44-8 

12-3 

248-6 

621-6 

88-9 

3^50  to  4:20 

8-7 

24-5 

83-2 

44-8 

1 

11-6 

284-5 

j 

586-3 

88-9 

4:44  to  5:14 

8-7 

24-5 

33-2 

44-8  ! 

11-6 

,     284-5 
,    229-7   i 

586-3 
5743 

89-4 

Average, 

8-9 

24-5 

334 

.  44-8  , 

11-4 

88-9 

May  4. 


Normal  period — continued. 


A.  M. 

8-.50  to  9J20 

9:49  to  10:19 

10:44  to  11:14 

11:37  to  12Ky7 

p.  M. 

1:56  to  2:26 
2:48  to  3:18 
3:41  to  4:11 
4:32  to  5K)2 
Average, 


9-2 

24-7 

33-9 

44-8 

9-5 

24-4 

33-9 

44-8 

8-9 

24-6 

83-5 

44-8 

9-5 

24-8 

34-8 

44-8 

9-1 

25  0 

841 

44-8 

9-6 

25-2 

34-8 

44-8 

9-4 

25-0 

34-4 

44-8 

9-3 

24-8 

841 

44-8 

9-8 

24-8 

341 

44-8 

10-9 

220-8 

550-9 

88-9 

10-9 

220-3 

550-9 

88-9 

11-3 

228-4 

57I-I 

88-9 

10-5 

212-2 

530-6 

88-9 

10-7 

216-8 

540-8 

89-1 

10-0 

202-1 

505-6 

a9-2 

10-4 

210-2 

5256 

a9-i 

10-7 

216-8 

540-8 

89-0 

10-7 

216-8 

540-8 

390 
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With  uranium  nitrate. 


Date. 

Oxalic  acid  to 
neutralize  ba- 
ryta solution. 

Totiil  oxalic  acid 
used.     c.  c 

Oxalic  acid  equiva- 
lent to  250  c.  c.       1 
Ba{OH),.     c.  c. 

Difterence.     c.  c.  ox- : 
alic  acid. 

es            ' 

• 

•si 

i 

May  5. 

tube  a. 
c  c. 

tubes  b 
and  c. 
c.  c. 

a 
-g" 

A.  If. 

8:48  to  9:18 

8-7 

24-6 

83-3 

44-8 

11-5 

232-4 

581*2 

39-1 

9:41  to  10:11 

8-5 

24-5 

830 

44-8 

11-8 

238-5 

5963 

89-3 

10-^9  to  11:19 

90 

24-8 

33-8 

44-8 

11-0 

222-3 

555*9 

39-6 

11.34  to  12M 

8-7 

24-6 

33-3 

44-8 

11-5 

232-4 

581*2 

39-9 

p.  M. 

1:57  to  2:27 

8-5 

24-7 

33-2 

44-8 

11-6 

234-4 

586-2 

400 

2:49  to  3:19 

9-0 

24-8 

38-8 

44-8 

11-0 

222-3 

555-9 

40-0 

3:45  to  4:15 

8-4 

24-6 

33-0 

44-8 

11-8 

238-5 

596*3 

40-4 

4:40  to  5:10 

8-6 

24-4 

83-0 

44-8 

11-8 

238-5 

5963 

f   40-5 

Average, 

8-7 

24-6 

33-3 

.   44-8 

11-5 

232-4 

581*2 

39-9 

May  6. 


With  uranium  nitrate — continued. 


A.  M. 

8-^52  to  9:22 

7-0 

22-1 

29-1 

44-8 

15-7 

317-3 

793*4 

40-0 

9:52  to  10:22 

5-6 

23-3 

28-9 

44-8 

15-9 

321-4 

803*5 

39-6 

10:48  to  11:18 

6-9 

240 

80-9 

44-8 

13-9 

280-9 

702*5 

38-2 

11:43  to  12:13 

6-9 

24-0 

30-9 

44-8 

13-9 

280-9 

702-5 

37-9 

p.  M. 

3:1 1  to' 2:41 

7-5 

24-6 

321 

44-8 

12-7 

256-7 

641*8 

37-4 

8:02  to  8:32 

7-5 

24-4 

31-9 

44-8 

12-9 

261-7 
286-5 

654-4 

88-1 

Average, 

6-9 

23-7 

30-6 

44-8 

14-2 

716-3 

38-5 
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and  Inorganic  Substances  on  Gas  Metabolism. 
With  cuprie  sulphate — Continued. 


Dale. 

Oialic  ac[il  h 
ryttt  solution. 

1  = 

Mi 

S  ^ 

a' 

i 
1^ 

8  = 

1 

M«v  12. 

3" 

if: 

s    Is 

S 

f 

9:11  to'9:41 

138 

38-3 

41-6     47-7 

8-1 

138-8 

308-3 

36-2 

10K«  to  10:36 

18-6 

38-3 

41-9     47-7 

5-8 

117-3 

2931 

86-8 

11:00  to  liao 

14-7 

28-8 

48-0 

47-7 

4-7 

95-0 

a37-5 

8B-7 

U-J>2  to  12:23 

ia-6 

28-4 

420 

47-7 

5-7 

llS-3 

288-1 

85-8 

i:l!>to2M 

13-7 

26-2 

41-9 

47-7 

5-8 

117-3 

293-1 

85-9 

3*9  to  8^9 

18-7 

28-8 

42-0 

47-7 

B-7 

114-2 

a85-5 

36-1 

am  to  4:20 

U-4 

28-8 

42-7 

47-7 

5-0 

1010 

253.7 

362 

4Jl3b)S:2S 

l*-0 

28-4 

42  4 

47-7 

G-8 

1071  .  367-9 

86-2 

Average, 

18-9 

28-3 

42-2      47-7 

5-5 

111-8   i   278-3 

85-8 

Followitig  ar 

e  the  average  daily  resuUs,  expressed  in  milligrainB 

of  CO,  contain 

=d  in  37-5  litres  of  aspirated  air,  togetlior  wiili  the 

average  body  t 

mper 

lure: 

8' 3  niilli  grams  COt 


The  cnpric  snlphate  was  introduced  by  hypodermic  injection,  ii 
following  amounts: 


Maj  10. 

6-84  p.  m 

0-035  gram 

CuSO. 

"     11. 

8:57  a.  m 

0-005 

"     11. 

9:56  a.  m 

0-026 

" 

"     11. 

12:29  p.  tn 

0-050 

"     13. 

9K)8a.  m 

0-035 
0180 

Rabbit  died  on 

the  13th. 

Thanb.  Coxn.  Acai 

.,  Vol.  VII.    53 

Uarcii, 

1887. 
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of  these  two  days  for  coinparisony  it  is  seen  that  the  action  of  the 
uranium  is  somewhat  slow,  but  that  it  produces  on  the  first  day 
(May  5)  a  noticeable  rise  in  temperature,  without  any  appreciable 
change  in  the  elimination  of  carbonic  acid.  The  full  effect  of  the 
uranium,  however,  shows  itself  on  the  day  following  the  last  dose 
of  the  salt,  and  we  then  see  the  same  noticeable  increase  in  the  elim- 
ination of  carbonic  acid  noticed  in  the  first  series  of  experiments. 
We  have  to  conclude,  then,  that  uranium  nitrate,  when  taken  in 
sufiicient  quantity,  tends  to  raise  materially  the  body  temperature 
and  to  increase  very  noticeably  the  excretion  of  carbonic  acid. 

Action  of  cu^yric  sulphate, 

Falek,  as  quoted  by  Dr.  H.  C,  Wood,*  has  found  that  cupric  sul- 
phate acts  upon  dogs,  [)igeons,  rabbits  and  similar  animals  as  ao 
irritant,  neurotic  poison  ;  producing  great  depression  of  temperature, 
with  progressive  general  paresis  ending  in  death,  apparently  from 
failure  of  respiration.  Our  experiments  on  rabbits  show  a  marked 
influence  of  the  salt  in  depressing  body  temperature  and  a  stiP 
greater  influence  in  diminishing  the  production  of  carbonic  aciA  ^ 
The  results  of  one  experiment  are  shown  in  the  preceding  tabl^^. 
Although  but  130  milligrams  of  the  copper  salt  were  used  altogethe  »-, 
the  animal  finally  died  on  the  day  following  the  conclusion  of  thM.-c 
experiment. 

Action  of  arsenions  oxide. 

C.  Schmidt  and  StUrzwagef  have  shown  by  experiments  on  cat^  *» 
that  arsenions  acid  tends  to  produce  a  noticeable  diminution  in  tl"^^ 
excretion  of  both  nitrogen  and  carbonic  acid.  Voit,  however,  li  ^^® 
pointed  out  that  in  these  experiments,  the  diminished  excretion  ^  ^' 
pends  simply  on  the  loss  of  a  large  portion  of  the  food  by  vomitin  ^^ 
and  BolckJ  has  shown  that  small  doses  of  arsenious  oxide  given  * 
hungry  dogs,  is  wholly  without  influence  on  the  decomposition  ^^ 
proteid  matter.  With  large,  toxic  doses  of  arsenic,  Giihtgens§  a^'^ 
Kossel  II  have  shown  that  a  very  noticeable  increase  in  the  elimic^  ^ 
tion  of  nitrogen  takes  place.     These  facts  constitute  about  the  st^  '^ 


*  Therapoutics,  Materia  Medica  and  Toxicology,  p.  46. 

f  Moleschott's  Untersudiungeu,  vi,  p.  283. 

X  Zeitaclirift  fiir  Biologie,  vii.  p.  430. 

g  Centralblatt  f.  Med.  Wissen.,  1875,  p.  529. 

I  Arc'iliv.  f.  expcr.  Palli.  u.  Pliarin  ,  v,  j).  128. 


and  Inorganic  Substatices  on  Gas  Metaholmn,  213 

total  of  our  knowledge  regarding  the  action  of  arsenic  on  tifisue 
changes. 

Our  experiments  were  made  with  rabbits  in  a  condition  of  hunger, 
deprived  of  food  for  three  days  prior  to  the  experiment,  and  the 
results  appear  to  show  that  arsenious  acid,  in  the  case  of  rabbits,  has 
a  tendency  to  diminish  the  excretion  of  carbonic  acid,  ))resuraably 
through  its  action  on  the  metabolic  activity  of  the  tissue  cells.  The 
amount  of  arsenic  given  was  quite  small  and  the  animal  seemed 
wholly  unaffected  by  the  poison. 

Action  of  potassium  antimony  tartrate, 

Voit*  states  that  antimony  in  large  doses  afiects  proteid  metabo- 
lism in  the  same  manner  as  arsenic,  and  since  Suikowsky  has  shown 
that  both  arsenic  and  antimony  tend  to  produce  a  fatty  degeneration 
of  the  various  organs,  in  which  presumably  the  fat  is  formed  from  the 
decomposition  of  proteid  matter,  the  non-nitrogenous  moiety  of  the 
albumin  molecule  being  stored  up  as  fat  instead  of  being  burned  to 
carbonic  acid,  it  seems  natural  to  expect  that  these  two  substances 
when  taken  in  large  quantity  at  least,  should  like  phosphorus  diminish 
both  the  consumption  of  oxygen  and  the  elimination  of  carbonic  acid. 

With  rabbits  our  results  with  antimony  certainly  lead  to  this  con- 
clusion. Even  small  doses  of  tartar  emetic  quickly  lead  to  a  dimin- 
ished excretion  of  carbonic  acid  and  also  to  a  noticeable  fall  in  tem- 
perature. In  the  first  series  of  experiments,  the  results  of  which  are 
shown  in  the  accompanying  tables,  the  excretion  of  carbonic  acid  fell 
from  363*6  milligrams  per  37*5  litres  of  aspirated  air  to  203*8  milli- 
grams and  with  a  fall  in  temperature  of  from  39°  C.  to  34-0*'  C.  The 
total  amount  of  tartar  emetic  given  was  82  milligrams. 

In  the  second  series  of  experiments,  where  as  before,  the  rabbit  had 
been  deprived  of  food  for  three  days  prior  to  the  experiment,  still 
smaller  quantities  of  antimony  were  given  with  even  more  j)ronounced 
results,  both  in  the  diminution  of  carbonic  acid  and  in  the  depression 
of  temperature.  Thus  while  in  the  normal  period  the  excretion  of 
carbonic  acid  amounted  to  396  milligrams  per  37'5  litres  of  aspirated 
air  and  with  a  normal  temperature  of  38*6°  C,  tartar  emetic  (0055 
gram)  given  in  divided  doses  reduced  the  carbonic  acid  to  lOG-5  mil- 
ligrams per  37-5  litres  of  aspirated  air  and  the  temperature  to  27*0°  C. 
Ackermannf  has  already  called  attention  to  the  great  decrease  in 
animal  heat  produced  by  antimony,  notably  in  the  case  of  rabbits. 


*  Uermaaii's  Handbuch  der  Physiologic,  Band  vi,  p.  184. 
t  See  H.  C.  Wood,  Therapeutics,  etc.,  p.  158. 


214       Chittenden  and  Cummina — Tt^uenee  of  «ome  Organic 

EXFIBDIBIT  WITB  AHBHIOm  OXDE. 

Normal  period,  without  mtenie. 


Dim. 


lOM  to  10:81 
Umto  11:88 
18KM  to  12:86 

IJSTto  2i37 
SASto  8:23 
8:90  to  4:20 
4:44  to  6:14 
Average, 
June  S. 

BKWto  9:3() 
9>12  to  10:33 
10:45  to  11:15 
liar  to  12«7 

3:1 1  to  3:44 
8:08  to  3:38 
SM  to  4:28 
4:48  to  3:18 
Average, 


Oullc  acid  to 
Deiitnlize  b»- 
rju  MlutioD. 

1. 

8 

1 

t* 

b 

a 

o 

ji 

P 

lis 

_s^d 

7-8 

34-5     SS'8 

44-8 

13-0 

342-5 

6o6s 

38-7 

7-B 

35-8     83-7 

46-« 

13-8 

2SS-7 

646-9 

88-S 

>.2 

36-3  .  85-4 

45-5 

101 

8041 

510-4 

88-9 

8-S  :  25-6  <  88-9 

43-5 

11-8 

884-5 

586-3 

38-9 

8-6  ;  85-7     848 

45-5 

113 

82S-4 

5660 

89-U 

«•»  1  25-S     83-4 

45-6 

18,1 

9H-6 

662-0 

89-3 

9-1   '  84-9     84-0 

455 

10-8 

21 1-8 

S»8-i 

88-9 

8-3 

264 

88-6 

458 

11-6 

334-6 

5866 

88-9 

With  artenimu  oxide. 


90 

sr,.8 

34-8 

45-5 

10-7 

315-3 

538-2 

38-8 

103 

36-4 

36-7 

45-5 

8-8 

177-8 

4447 

38-7 

101 

36-8 

88-4 

45-5 

91 

188-9 

4599 

38-8 

9-8 

36-4 

30-3 

45-5 

9-8 

188-0 

470-0 

38-8 

9-1 

360 

3.V1 

455 

10-4 

318-8 

545-8 

39-0 

10-4 

26-6 

36-9 

45-5 

8'6 

173-8 

43a-i 

890 

10-0 

264 

86-4 

45-5 

»1 

183-9 

457-4 

89-3 

9-4 

■X-3 

ai-T 

41-5 

9-8 

198-1 

4953 

8»-3 

9-8 

36-8 

360 

45-5 

9-5 

193-1 

480-4 

38-9 
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With  arsenious  oxide — continued. 


Dno. 

Oxalic  acid  to 
noutmliio  ba- 
ryta BoliiUon. 

h 

ir: 

III 

P 

h 

1^ 

Juile  9. 

a' 

1^ 

il: 

( 

9K)Oto"9aO 

»-4 

261     86-5     45-5 

10-0 

8021 

505-4 

39-0 

9:98  to  10:32 

10* 

26-5     88-»     45-5 

8-6 

172-8 

4331 

88-8 

10:11  to  11:11 

9-1 

261     353 

43'5 

lO'S 

208-3 

S20*5 

891 

11:86  to  nm 

9-6 

26-3     35-9 

45-5 

9'8 

194-0 

485a 

380 

3:15  to8t« 

9'6 

26-5  I  861 

45-.') 

0-4 

190-0 

475' 

39-2 

3:08  to  3:38 

9-6 

26-6  ;  881 

45-5 

B-4 

1900 

475-1 

38-9 

8.57  to  4:27 

10-3 

36-5  j  86-8 

45-5 

8-7 

175-8 

4397 

39-2 

iAl  to  6:17 

10-0 

38-5  1  88-6 

4.V5 

90 

ISI'9 

464-8 

89-3 

Average, 

9-7 

364 

86-1 

.,., 

fl'4 

1898 

4735 

39-1 

Average  daily  excretion  of  carbonic  acid  < 
of  CO,  per  37-5  litres  of  iispirutcd  iiir,  and  a' 
follows  : 


(tpressi'd  in  milligrams 
orage  tcmperatui'i-  is  as 


June  7 


88-9°  C. 
38-9 


5860  milligram 

480-4 
473-5 


The  arsenious  oxide  was  introduced  by  way  of  tlie  moutli  i 
gelatiD  cap3uit!M,  in  the  Iblluwing  doses  : 


5-^  p.  m. 

0-OOij  gram 

8:47  a.  m. 

0-005      ■' 

12:12  p.  m. 

0'005      ■■ 

5:35  p.  m. 

0005      " 

8:50  a.  ra. 

0-005      ■' 

12:12  p.  m. 

0-010      " 
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First  series  of  ezperiments  with  Antimony. 


Norn 

Oxalic 
neutral 
ryta  hu 

tied  peri 

! 
acid  to 
izc   ba- 

iutioii. 

• 

—  o 

.^£^. 

5:    CS   O 

Total  oxalic  acid             S. 

used,     c  c.                  c 

2     « 

thout  t 

CO    -•    ^« 

>  0  0 

'5  cj  c; 

"C  fl  ^ 

'12  = 

^  ?  « 

artar  emetic. 

• 

• 

=  1 

Date. 

Diflft  rence  c.  c.    ox- 
alic acid. 

0 

rs 
C 

a 
/^ 

(8 

C      . 

—  bL 

5 

• 

& 

£ 

(J 

Marcii  31. 

tube  a. 
c.  c. 

A.  M. 

9:08  to  9:33 

18-9 

80-9 

44-8 

52-6 

7-8 

144-5 

3613 

38-6 

10K)1  to  10:81 

13-8 

31-0  1 

44-8 

52-6 

7-8 

144.5 

361-3 

38-8 

10:56  to  11:26 

150 

310 

460 

52-6 

6-6 

122-2 

3057 

38-9 

11:52  to  12:22 

13-7 

30-8 

44-5 

52  6 

8-1 

150-0 

375*2 

39-2 

p.  M. 

1:55  to  2:25 

12-5 

1 
30-0 

42-5 

52-6 

10-1 

187-0 

4677 

39-1 

2:47  to  3:17 

150 

,   311 

46-1 

52-6 

6-5 

120-4 

30i"i 

39-2 

8:41  to  4:11 

14-4 

30-4 

44-8 

52-6 

7-8 

144-5 

3613 

39-2 

4:86  to  5:06 

13-7 

1  30-8  : 

44-5 

52-6 

8-1 

150-0 
145-4 

3752 

39-3 

Average, 

14-0 

80-7  ' 

44-7 

52-6 

7.85 

363-6 

390 

April  1. 


With  tartar  emetic. 


A.  M. 

8:57  to  9:27 

1 

141 

30-8 

44-9 

52-6 

7-7 

1 

141-7 

354*4 

3j^1 

»:54  to  10:24 

14-5 

31-0 

45-5 

52-6 

M 

1     131-5 

328-9 

36-9 

10:50  to  11:20 

15-4 

1 

31  0 

46-4 

52-6 

6-2 

114-8 

287-2 

36-4 

11:44  to  12:24 

15-4 

1 

310 

46-4 

52-6 

6-2 

'     114-8 

1 

1 

287-2 

35-7 

I'.  M. 

2:01  to  2:31 

1 
17-0 

31-2 

48-2 

52-6 

4-4 

81-5 

2038 

34-6 

Av(»rage, 


15-3  I   31  0      46-3  I   52-6 


6-3      I     116-9       292-3   I    36-3 


The  :inliinonv   was  i»iveii    in  tlu'  lorTn  of  tartar  emetic  and    was 
intnxluciMl  by  hypoderniic  injection  as  follows: 


March  31. 

5:20  ]).  m. 

0  0 12  gram  tartar  emetic. 

April      1. 

8:15  a.  ui. 

0  035 

1. 

12:43  p.  m. 

0  035 

0082 


Kabhit  (lie<l  at  3:30  |>.  m.,  April  1. 
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Sbcond  series  of  experiments  with  Antimony. 
Normal  period,  uyithout  tartar  emetic. 


Date. 
April  5., 


A    M. 

9:14  to  9:44 
10K)9  to  10:39 
11:04  to  11:84 
11:57  to  12:27 

p.  M. 

2:05  to  2:85 
2-.68  to  8:28 
3*.52  to  4:22 
4:45  to  5:15 
Average, 

April  6 

A.  M. 

8-^59  to  9:29 
9:57  to  10-^7 


Oxalic  acid  to 
neutralize  ba- 
r)ta  solution. 


08 


18-0 
181 


14-5 


18-8 
181 
12-7 
12-9 


14-5 
15-2 


10:52  to  11:22  145 

11:46  to  12:16  145 

p.  M. 

lJ58*to2:28  ,    158 

2-.50to3:20  :   145 


^  6 

Is 


14-4  ;   80-9 


30-3 
80-5 
30-8 


30-7 
30-5 
30-5 
80-7 


18-4  I  80-6 


• 

• 

1 

O 

V 

CD 

2 

*5        1  E  «^  o 

• 

T3 

a 

•J 

"3 

as    00        —    S    • 

erenco  c 
ic  acid. 

—    be 

•Si 

V  terape 
C. 

5   3        «  ^  3Q 

tart 

ds 

c  ^ 

•H^ 

H         -O 

P 

o 

o 

m 

45-8 

52-6 

7-3 

135-2 

3381 

38-4 

43-3 

52-6 

9-3 

172-3 

430-8 

38-5 

43-6 

52-6 

90 

166-7 

416-9 

38-4 

45-3 

52-6 

7-3 

135-2 

338' I 

38-6 

44*5 

52-6 

8-1 

150-0 

375-2 

38-9 

43-6      52-6 

90 

166-7 

4x6-9 

88-8 

43-2      52-6 

9-4 

1741 

4354 

38-9 

43  6      52-6 

9-0 

166-7 

416-9 

38-7 

44-0 

52-6 

8-5 

158-4 

396-0  1 

38-6 

With  tartar  emetic. 


30-8      45-3      52-6 
81-1      46-3      52-6 


80-6 


45-1      52-6 


31-0  I  45-5 


7-3 
6-3 
7-5 


52-6  !      7-1 


80-9     46-2      52-6 


30-9 


45-4      52-6 


3:42  to  4:12       154      31 -2      46-6      526 


4:38  to  6:08       15-7      81-2 


Average, 


14-9 


46-9  I   52-6 


6-35 

7-2 

5-95 

5-7 


31  0      45-9      52-6 


6-68 


135-2 
116-7 
138-9 
131-5 

117-6 
133-4 
110-2 
115-6 


338'! 
291*8 


37-4 
86-7 


347*4 

36-6 

3289 

37-3 

2941 

36-2 

333-5 

36-2 

275-6 

a5-4 

289-0 

35-7 

312-2 

36-7 
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e  Organic 


Date. 
April  7. 

Oislic 
r;t«so 

acidlol            li^   j 

3 

i 

1^ 

.51 

8  = 

i 

1 

I 

T 

9:00  to"  8:30 

17-6 

1 

312     48-8  I  53-6 

3-H 

70-4 

.,... 

80-0 

9:G9  to  10:29 

18-3 

81-8     49-8     62«  ' 

3-8 

61-8 

"97 

28-0 

10:58  to  1138 

18-9 

81-4  I   50-3      52-8 

•>-3 

42-6 

..6-5 

J7-0 

Average, 

18-8 

31-8  1   49-6      52-6 

^■97 

64-9 

137-4 

as-B 

Average  daily  excretion  of  carbonic  acid  eipreaaed  in  milligrame 
of  CO,  per  37-5  litres  of  aspirated  air,  together  with  average  temper- 
ature is  as  follows : 


April  6. 


896-0  mmipramB  CO, 

812-0 

187-4 


The  following  amounts  of  antimony  were  injected : 


5:3(1 

8:45  a 


0015  gram  tartar  emetic. 

0015 

0015 

0-010 

O-ftW 


Raliliit  died  at   12  m.,  April  'i 
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Action  of  morphine  siUphate. 

Boeck  and  Bauer*  have  already  made  a  careful  study  of  the  action 
of  morphine  on  the  elimination  of  carbonic  acid  and  the  absorption 
of  oxygen.  By  experiments  on  a  cat  and  on  a  dog  they  found  that 
the  action  of  morphine  on  metabolism  was  mainly  an  indirect  one, 
affecting  especially  the  consumption  of  non-nitrogenous  matter. 
Further,  that  its  action  hinged  mainly  on  its  power  of  affecting  mus- 
cular activity  ;  thus  in  the  case  of  a  cat  the  first  action  of  morphine 
was  to  increase  the  elimination  of  carbonic  acid  and  the  consumption 
of  oxygen,  due  to  the  increased  muscular  activity  induced  by  the 
poison,  while  in  the  case  of  a  dog,  where  narcosis  was  half  induced, 
there  was  a  diminution  in  the  amount  of  carbonic  acid  eliminated 
amounting  in  one  case  to  27  per  cent.  This  diminished  excretion 
was  due  almost  wholly  to  the  quieting  action  of  the  morphine  and 
was  followed  by  an  after  period  in  which  there  was  increased  produc- 
tion of  carbonic  acid,  due  to  the  increased  activity  of  the  muscle 
tissue. 

In  these  experiments  the  dose  of  morphine  was  0'05  gram,  in  the 
form  of  chloride,  and  was  introduced  by  subcutaneous  injection.  The 
iujection  of  the  poison  was  followed  soon  after  by  convulsions,  etc., 
indicating  vigorous  toxic  action.  In  our  first  series  of  experiments 
we  endeavored  to  have  the  toxic  action  less  pronounced,  and  for  this 
reason  the  morphine  was  introduced  by  way  of  the  mouth  in  repeated 
doses,  the  experiment  extending  through  three  days  and  into  the 
fourth.  The  rabbit  was  deprived  of  food  through  the  entire  period 
and  had  also  been  kept  without  food  for  three  days  prior  to  the 
experiment.     The  data  are  to  be  found  in  the  accompanying  tables. 

The  results  do  not  show  any  very  marked  action,  either  on  the 
excretion  of  carbonic  acid  or  on  the  body  temperaturi*.  At  no  time 
was  there  any  noticeable  indication  of  increased  muscular  activity, 
the  rabbit  remaining  fairly  quiet  in  the  chamber  and  showing  no 
symptoms  of  tetanic  convulsions.  On  the  other  hand  there  was  no 
very  profound  narcotism.  A  study  of  the  individual  results,  how- 
ever, shows  that  directly  after  each  dose  of  morphine,  the  excretion 
of  carbonic  acid  fell  quite  noticeably  for  one  or  two  periods.  Such 
action  as  was  produced,  therefore,  in  this  experiment,  is  to  be  consid- 
ered simply  as  incidental  to  the  semi-somnolent  condition  of  the 
animal. 

In  a  second  shorter  series  of  experiments  with  a  rabbit,  one  single 


•  2^it8chrift  fiir  Biologie,  Band  x,  p.  339. 
Tbaks.  C!onn.  Acad.,  Vol.  VII.    54  March,  1887. 
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First  Sebies  of  Exfebikents  with  HOBPHiNa. 
Normal  period,  without  morphine. 


Date. 
March  24. 


Oxalic  add  to 
neutralize  ba-: 
Tjtn  aulutioQ.  I 


liJ-.i 


8:94  to  9:24 
9:53  to  10:33 

lO-^OOtolldO 
11:46  to  12:16 

2:U'to'3:44 
3K>8toS:38 
4:02  to  4:32 
4:5C  to  3:36 


March  25. 

8:61  to9i31 
9M  to  10:S8 
10:47  to  11:17 
11:44  to  13:14 

a^i'to'sai 

smtoSM 
4:04  to  4:31 
4:57  to  6:37 
Average, 


With  morphine  mdphate. 


1S7-5 
144-9 
154-2 

1561 
168-5 
161-6 
141-3 


3W5 
344-0 


390-3 
408-8 


87-9 
38-0 
87-9 
38-0 

88-2 
88-8 


11-7 

26-5 

38-a 

46-1 

6-9 

128-8 

320-8 

38-2 

11-8 

36-6 

88-8 

46-1 

6-8 

126-4 

316a 

87-8 

10:9 

36-2 

871 

45-1 

8-0 

148-7 

3"-8 

380 

11-1 

26-4 

37-6 

45-1 

7-6 

1412 

353-3 

88-0 

111 

28-2 

373 

461 

7.8 

144-0 

360-1 

88-7 

11-7 

2«'3 

37-9 

45-1 

7-3 

188-6 

3347 

88-7 

11-0 

25-7 

36-7 

451 

8-4 

156-1 

390-3 

88-6 

10-0 

25-a 

86-2 

45-1 

9'9 

184-9 

4«2-3 

38-8 

U-l 

S61 

87-2 

451 

7-9 

1454 

363-7 

88.4 

and  Inorganic  Substances  on  Gas  Metabolism. 
With  morphine  sulphate— continued. 


Date. 

Oxalic  add  to 
oeutraliKo  ba- 
rjta  solution. 

1. 

a  «  d 

h 

1 
1^ 

8  = 

2 
2 

Uaroh  iS. 

ii 

Ih 

ll'lil 

}• 

934to'9:« 

17-8 

3S-8 

68-4 

60-5 

7'1 

181-6 

3>8-9 

88-8 

l(l;I9tolO;« 

18  4 

356 

53-0 

60-5 

8-B 

157-4 

3937 

88-8 

11:14  to  11:44 

18-5 

35-7 

53-3 

60-5 

8'8 

1587 

384'5 

38-6 

12:09  to  13:89 

16-5 

857 

53-2 

60-5 

8-8 

1637 

384-5 

38-9 

itoatosas 

17-4 

86-8 

68-8 

60-5 

7-3 

13S-3 

33!i 

38-9 

2JiSto8Sti 

17-0 

B6-7 

Ba-7 

60-5 

7-8 

144-5 

361-3 

88-7 

8;49to4:19 

18-1 

3S-5 

Bi-6    eo-5 

8'9 

164-9 

4ia-3 

38-9 

4:48  to  G:ie 

180 

36-3 

51-3      60-5 

9-3 

170-4 

4"3-7 

88-8 

Average, 

16-7 

35-6 

02-3 

60-5 

8-2 

ISl-3 

378-4 

88-8 

March  27. 
8:33to'ftKtS 
9:30  to  10:00 


16-3     8S-6     61-8     00-6 
16-7     85-5     51-2     60-5 


161-1      403-0      88-9 
173-8      430-8      88-9 


Foilowing  is  the  average  daily  excretioD  of  carbonic  acid,  expressed 
ID  milligrams  per  37'5  litres  of  aspirated  air,  together  with  the  aver- 
age body  temperature : 

March  34.  38-0°  C.  881  0  milli|p-aniB  CO, 


The  morphine  was  introduced  into  the  stomach  in  solution  in  the 
following  amounts: 


March  34. 

6fl0p.  m. 

0-075  gram 

morphine  sulphate 

"      26. 

8:35  a.m. 

0-075 

"      35. 

■  13:85  p.  m. 

0-075 

"      36. 

5:50  p.  m. 

0-100 

"      38. 

9:15  a.  m. 

0100 

"      26. 

13:50  p.  m. 

0-100 

0-626 
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[arge  dose  of  morphine  salphate  was  given,  and  given  by  bypo- 
dormic  injection.  In  this  case,  as  before,  there  was  no  increased 
muscular  activity,  but  tlierc  was  a  sudden  and  rapid  fall  both  in  tern- 
})erature  and  in  the  amount  of  carbonic  acid  excreted,  the  latter  of 
which  was  stili  quite  pronounced  on  the  following  day,  although  the 
temperature  has  gone  back  to  normal.  This  diminution  in  carbonic 
acid  was  accompanied  by  a  profound  narcotism,  the  animal  lying 
almost  motionless  and  with  a  respiration  ranging  from  8  to  *20  per 
minute.  The  results,  which  are  to  a  certain  extent  corroborative 
of  Boeck  and  BauerV,  are  shown  in  the  accompanying  table: 


Second  Series  of  Experiments  wfth  Morphine. 
Sonnal  period  uithout  morphitie  sulphate. 


1 

Oxalic  acid  to 

i«  .. 

• 

s 

■ 

1 

• 

•a. 

• 

0 

Deutralize  ba- 

•r 

• 

^r 

u 

j  r\-ta  solution. 

S  o 

f§ 

O 

<  s 

.  ■% 

s 

Time. 

1 

=  o 

—  c^    i 

.fi 

■^i 

8. 

5  c;      i  ^  ^' 

es 

S5  = 

m 

— •   to 

C  ^ 

5- 

=   w       s  es  & 

H 

^ 

Q 

O 

a 

Mttfv^i  rj. 

A.  IL 

1 

9:12  to  9:42 

15.4  1   S4t 

49-5 

59-25 

9-75 

180-6 

465-0 

89-1 

I0:i^>  A.  M..  injti^ttHi  8ulK*utan«x>usly  O'UX)  gram  morphine  sulphate. 


10:08  to  10:5;^ 
11.2*.Mo  ll:5l> 


16-9      :U-5      51-4     59-25       7-85 
17a      :Vl-5      51-8     59-25       7-45 


12:a-J  to  l:<vj        l6-;>      M\      5i>  4     5925       885 


145-4  3635  366 
138-0  342-5  34-4 
164-0        410-0      33-3 


2:4^  to  ;^:18 
;^:49to  4:19 
4:47  to  ."tiK 

10:1^  to  lO;iS        16  9      :U;^      51-2     ^9-25       81X1        1492        373-0       39-2 


17  0  ;U2  ol  2  59  25  SlV>  1492  373*0  34  4 
17-8  :U  6  52  4  59  25  685  126*9  317-3  '  35*0 
17  I      34:^      51-4     59  25       7*85        145*4        363*5       86  8 


The  importanoo  of  quinine  as  a  thenijHUtio  agent  and  particularly 
it*  value  as  a  fobriuigo  h;»s  led  10  a  ihon^ugh  study  of  its  pbysiolog- 
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ical  action.  In  this  connection,  the  action  of  quinine  on  proteid 
metabolism  has  been  very  thoroughly  investigated,  but  as  to  its  exact 
influence  on  the  decomposition  of  non-nitrogenous  matter,  as  shown 
by  itR  effects  on  the  elimination  of  carbonic  acid,  there  is  less  una- 
nimity of  opinion.  This  is  naturally  a  point  of  considerable  import- 
ance for  if,  as  is  generally  supposed,  the  alkaloid  has  the  power  of 
diminishing  body  temperature,  it  would  presumably  be  due  to  its  in- 
fluence on  the  combustion  of  non-nitrogenous  matter  in  the  body. 
Ranke,  Kerner,  von  Boeck  and  others  have  plainly  shown  the  power 
of  quinine  to  diminish  proteid  metabolism,  but  Strassburg,  by  an 
elaborate  series  of  experiments*  found  that  the  alkaloid  had  no  very 
decided  efiect  upon  the  elimination  of  carbonic  acid,  either  in  healthy 
or  fevered  rabbits. 

Boeck  and  Baucr,f  however,  from  experiments  on  cats,  claim  that 
quinine  in  the  first  stage  of  its  action  diminishes  somewhat  the  pro- 
duction of  carbonic  acid,  owing  to  its  inhibitory  action  on  the  tissue 
cells ;  but  when  large  doses  of  quinine  are  given,  so  that  con- 
vulsions appear,  then  there  is  an  increased  production  of  carbonic 
acid,  owing  to  the  greater  decomposition  of  non-nitrogenous  matter 
incident  to  increased  muscular  activity.  With  small  doses  of  the 
alkaloid,  it  is  to  be  presumed  that  the  slight  diminution  in  carbonic 
acid  noticed  by  Boeck  and  Bauer  comes  simply  from  diminished 
proteid  metabolism. 

In  our  experiments,  rabbits  only  were  used  and  these  in  a  con- 
dition of  hunger,  having  been  deprived  of  food  for  three  days  prior 
to  the  experiment.  In  the  first  series  of  experiments,  the  total 
amount  of  quinine  given  was  quite  large,  so  that  at  last  the  animal 
finally  died  from  its  effects.  No  decided  action  on  the  production  of 
carbonic  acid  was  noticed  until  just  before  the  animaPs  death, 
when  both  the  body  temperature  and  the  amount  of  carbonic  acid 
fell  quite  noticeably.  On  the  second  day  of  the  experiment,  when 
the  quinine  was  first  being  given,  the  body  temperature,  as  taken  per 
recium,  fell  quite  gradually  until  it  finally  reached  a  point  1*5  °C. 
below  the  average  of  the  normal  period.  The  results  of  the  experi- 
ment are  to  be  seen  in  the  accompanying  tables.  The  quinine  given 
was  in  the  form  of  hard,  gelatin-coated  pills  and  possibly  was  not  as 
rapidly  absorbed  as  might  otherwise  have  been.  At  no  time  was  the 
rabbit  in  convulsions. 

•Quoted  from  Dr.  H.  C.  Wood,  Thera|)cutic8,  p.  75. 
f  Zeitschrift  fiir  Biologie,  Band  x,  p.  350. 
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First  Series  of  Experiments  with  Quinine. 
Normal  period,  unthout  quinine  sulphate. 


Date. 
Apnl  12. 


A.  M. 

9:11  to  9:41 
10:05  to  10:85 
10:58  to  11:28 
11:54  to  12:24 

p.  M. 

l:58to*2:28 
2:51  to  8:21 
8:49  to  4:19 
4:41  to  5:11 
Average, 

April  13. 

A.  M. 

9:14  to  9:44 
10:10  to  10:40 
11:05  to  11:35 
11:58  to  12:28 

p.  M. 

1:55  to  2:25 
2:46  to  3:16 
3:40  to  4:10 
4:32  to  5:02 
Average, 


Oxalic  acid  to' 
neutralize  ba-| 
ryta  solution. 


oo 


S  o 
c    • 

es 


5"!  i.S  c'^'l  I*    g-^^' 

so      '  3    08    O  I     ci  '- 


24-2 

88-7 

24-4 

85-2 

24-2 

850 

24-2 

84-9 

24-0 

840 

24-2 

84-2 

24-8 

84-8 

24-8 

85-8 

9-3 


10-1 


10-4      24-2  '   84-6 


With  quinine  sulphate. 


23-9 


11-3  ,  23-9 

11-0  !  24-4 

I 

10-3  24-2 


33-2  I  41 
35-2  I  41 
35-4  ,   41 


34-5      41 


9-4      240      33-4      41 


24-2 


9-3  i   23-8 
10-3  '   24-1 


101  I   24-1 


34-3 
331 
34-4 


34-2 


41 
41 
41 


5       8-8 

I 

5  :     6-3 


61 
70 

8-1 


I  7-2 

5  '  8-4 

I 

5  7-1 


41-5  i     7-3 


• 

H 

• 

«  d 

O 

Su 

equiv 

50  c. 

c.  c. 

• 

c 

L.  as 
rag. 

•s^^ 

s  es 

© — 

JD 

o  c  ^ 
eo  -  *r 

CS 

.11 

(C  OS 

O  ^ 

O 

Q 

O 

u 

41-5 

7-8 

144-5 

361  s 

41-6 

6-8 

116-7 

291*8 

41-5 

6-5 

120-4 

30i"i 

41*6 

6-6 

1 

122-2 

3057 

41-5 

7-6 

188-9 

347*4 

41-5 

7-8 

186-2 

3381 

41-5 

6-7      i 

124-1 

310-4 

41-5 

6-2      ' 

114-8 

287-2 

41-5 

6-8 

127-1 

3ir8 

o 

a 

ha 

o 

£ 

I" 


88-7 
88-7 
88-7 
88-8 

38-6 
88-4 
88-7 

88-8 


38-6 


153-7 

384-5 

1 
38-6 

116-7 

291-8 

88*6 

118-0 

282*6 

38*2 

129-7 

3M*3 

88-2 

150-0 

3752 

38-1 

183-4 

333*3 

37*6 

168-7 

3405 

37*1 

143-5 

282*6 

88*0 

138-6 

325-6 

88-1 
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Date. 
April  14. 


p.  M. 
1:57  to  2i27 

Average, 


With  quinine  sulphate — continued. 


Oxalic  acid  to 
;  neutralize  ba-'  73, 
rjta  solution. 


C8   ci 

i       00 


CO 


I    J    .     .5  fl    . 


•a  a     -^  a 


O 


OS    « 

|o 
•J  a 

08  ^ 
M 
O 


cs 


A.  M. 

8:54  to  9:24 

9:50  to  10:20 

10:48  to  11:18 


10-0  24-8 

10-2  i  24-1 

I 

9-8  240 


34-3 


41-5 


84-8      41-5 
33-8      41-5 


11-^  to  12:08    i   10*9 


24-3  ,   35-2 


41-5 


11-8  ;   24-5  i   35-8      41-5 


10-4 


24-2      84-6      41.5 


6-9 


1 

8 

• 

o 
c5 

c5 

a 

00 

Difference, 
alic  acid. 

of 
"*  bo 

8^ 

7-2 

138-4 

7-2 

183-4 

7-7 

142-6 

6-3 

116-7 

5-7 

105-6 

126-8 


COa  in  H7-5  L.  aspi- 
rated air.    mg. 

£ 

3 

2 

a 
s 

333'5 

38*6 

3335 

38*2 

3567 

1 

38-3 

291*8 

37*6 

264-0 

r 

34*7 

3159 

37-5 

The  following  amounts  of  quinine  were  given  by  way  of  the  mouth : 


April  12 

5:20  p.  m. 

0*130  gram 

quinine  sulphate. 

**      18 

9:10  a.  m. 

0*260 

**      18 

1:00  p.  m. 

0*390 

"      18 

5:15  p.  m. 

0*520 

"      14 

8:45  a.  m. 

0-520 

"      14 

12  KK)  m. 

0-780 

2*600 


Rabbit  died  at  3  p.  m.  April  14. 

Following  are  the  average  daily  resiilts  in  temperature  and  in  the 
amount  of  carbonic  acid  excreted  per  37*5  litres  of  aspirated  air. 


April  12 

88*6   C. 

317-8  milligrams  CO, 

"     18 

881   " 

325*6 

a     14 

37*5  ** 

315-9            **            ** 
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Second  Series  of  Experiments  with  Quinine. 
Normal  period,  vntlunit  quinine  sulphate. 


Date. 
May  17. 


8:40  to' 9:10 

9:33  to  10H)3 

10:29  to  10:59 

11:24  to  11:54 

p.  M. 

1:55  to  2:25 
2:48  to  3:18 
8:43  to  4:13 
4:35  to  5:05 
Average, 

May  18. 

A.  M. 

9:05  to  9:35 
10:00  to  11:30 
10:51  to  11:21 
11:46  to  12:16 

p.  M. 

2:14  to  2:44 
3:07  to  3:37 
4:01  to  4:31 
4:58  to  5J28 
Average, 


Oxalic  acid  to 
neutralize  ba- 
ryta solution. 


08    O      . 


I'S'!  1^  |l» 


3    08    C/ 


H 

O 

o 

6 


c  ca 

s 


1 

22-2 

27-5 

41-8 

61 

22-8 

28-9 

41-8 

6-2 

22-6 

28-8 

41-8 

4-9 

1 

21-9 

26-6 

41-8 

;     6-0 

1 

22-1 

27-1 

41-8 

4-5 

22-0 

26-5 

41-8 

6-7 

231 

29-8 

41-8 

6-7 

230 

29-7 

41-8 

5-7 

22-4 

281 

41-8 

14-3 
12-9 
130 
15-0 

14-7 
15-3 
120 
12-1 


13-7 


With  quinine  sulphate. 


6-2 

22-5 

7-5 

23-0  ' 

5-6 

22-1 

6  0 

22-6 

6-5 

22-8 

6-5 

22-9 

7-0 

231 

60 

221 

28-7 


41 


27-7  I  41 

I 

28-5  41 

I 

I 

29-3  41 

29-4  41 

30-1  41 

28-1  41 


6-4      22-6 


29-0  ,   41-8 


8 
8 
8 
8 

8 

8 
8 

8 


18-1 
11-3 
141 
18-3 


'a 


O 
O 


a 


2890 
260-7 
262-7 
303-2 

297-1 
809*2 
242-5 
244-5 


276-8 


264-8 
228-4 
2»5-0 
268-8 


I      .2. 


.21 


o 


!   £ 

I      =3 

a 


722*7 

6519 

657*0 

7581 
7429 

773*2 
606*5 
611-5 


690-5 


662*0 

5711 
712-6 

672-2 


12-5 

252-6 

12-4 

249-6 

11-7 

286-5 

13-7 

276-9 

12-8 

257-8 

88-8 
88-8 
88-8 
89-1 

89-0 
88-9 
88-8 
88-9 


88-6 


88-6 
88*4 
88-8 
88-8 


631-7 

88-9 

624*1 

39-0 

591-3 

39-0 

692*4 

88-4 

6447 

88-7 
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With  quinine  sulphate— continued. 


Oxalic  acid  to 
neutralize  ba- 

3 

9      ^'k 

.  c.  ox- 

9 

o 

h 

• 

2 

Date. 

:  rjla  solution. 

Total  oxalic  ac 
used.    c.  c. 

Oxalic  acid  oq 
lent  to  250 
Ba(OH),.     < 

Difference,     c 
alic  acid. 

0 

es 
X) 

a 

1^ 

o  ^ 

cs 

May  19. 

tube  a. 
c.  c. 

tubes  b 
and  c. 
c.  c. 

C 

0" 

2p 

A.  If. 

9m  to  9:32 

7-3 

28-0 

80-3 

41-8 

11-5 

232-4 

581-2 

38-9 

9:57  to  10:27 

7-6 

28-2 

30-8 

41-8 

110 

222-8 

555*9 

38-4 

10:50  to  11.20 

7-2 

28-1 

30-8 

41-8 

11-5 

232-4 

581-2 

38-7 

11:48  to  12:18 

6-9 

28-0 

29-9 

41-8 

11-9 

240-5 

601-4 

;^-6 

p.  M. 

2m  to  2:88 

7-5 

28-2 

30-7 

41-8 

IM 

223-3 

5584 

38-9 

2'M  to  8:24 

8-2 

28-6 

81-8 

41-8 

100 

202-1 

505-4 

38-5 

8:47  to  4:17 

7-4 

23-3 

80-7 

41-8 

111 

224-3 

561-0 

38-8 

4:40  to  5:10 

7-1 

231 

80-2 

41-8 

11-6 

284-5 

586-3 

38-8 

Average, 

7-4 

28-2 

80-6 

41-8 

11-2 

226-4 

566-4 

38-7 

The  quinine  was  given  by  way  of  the  mouth  iu  gelatin  capsules,  in 
the  following  quantities  : 


May  17 

5*^  p.  m. 

0*250  gram  quinine  sulphate. 

*«     18 

8:50  a.  m. 

0-250    '' 

"     18 

12:80  p.  m. 

0-250    *• 

•'     18 

5:35  p.  m. 

0-250    *• 

**     19 

8:50  a.  m. 

0-325    '» 

"     19 

1:55  p.  m. 

0-250    *' 

1-675 


Following  are  the  average  daily  excretions  of  carbonic  acid  ex- 
pressed in  milligrams  of  CO,  per  37-o  litres  of  aspirated  air,  together 
with  the  average  body  temperature  : 


May  17 
"  18 
"    19 


88-6'  C. 
88-7  ** 
88-7   ** 


690-5  milligrams  COa 

644-7 

566-4 


(t 


(( 


»( 


(( 
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Tmss  Sbkies  or  EzPBBatENTS  with  QtnKINK. 
Normal  period,  urithout  quinine  tiaphate. 


OwJie 

Old  to 

^..! 

8 

'^ti 

neutralize  ba- 

Time. 

ryta  BOtuIioil. 

!"  i^g  1 

March  8. 

1"  ?"-*' 

it 

J 

it'm 

!S^ 

1^ 

8'  ;!■ 

9:90  to  10:20 

16-8  :   33B 

1 

«-4  1  59-35 

9-85 

182-9 

456-3  i  Ml 

10-^  A.  U. 

njected  tmbcutsneouely  0088  gram  quinine 

Bulpbate. 

11:15  to  11:4S 

16-0 

84-5 

51-4 

59-35  : 

7-85 

145-4 

363-5 

38-4 

12:35  to  12:55 

15-3 

88-9 

40-2 

59-35' 

10-09 

186-a 

465-5 

89-9 

F.  M. 

8flO  to  8:80 

lB-6 

840 

498 

59-33 

e-ee 

178-8 

447-6 

80-6 

4:06  to  4:86 

lB-8 

88-7 

40-5 

59  36' 

9-75 

.80-7 

451-8 

89-9 

Average, 

15-0 

840 

40-9 

59-35  I 

0-39 

m-8 

.«a-o_ 

89-9 

Fourth  Series  of  Ezperiiiehts  with  Quinine. 
Normal  period,  without  qitinine  sulj^tate. 


, Oxalic  ucid  CO. 
I  neutralise  l)a-    !9 
Time.  I  ryta  aoliiliou.      °>  cj 


|i 


eO-35  i  lO-i'i        108-6    !   484-0 
10:15  A.  H.  injected  subcutaneously  0-19  gram  quinine  sulphate. 


y  urn 

3  12:09 


4:07  to  4:37 
Average. 


16-5  J  84-6 

5M 

.-,9  25 

15-4     33-9 

49-8 

59-35 

l.j-8  ,  34-1 

40-4 

59-25 

16-0  '  34-3 

50-8 

50-25 

15-0     31-1 

50-0 

50-35 

15 -H     343 

50-0 

59-35 

8-15 
0-95 

0-85 


151-0  I   377-S 

184-4  I  ,461-0 

183-5  :   456-3   I 

m-a  '  414-5  I 

1710  [   437-6   i 


88-4 
88S 
88-4 

80-1 
88-8 
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Experiment  with  Cinchonidine. 
Normal  period,  xcithout  cinchonidine  sidphate. 


Date. 

Oxalic  acid  to 
neiiiralizc  ba- 
ryta solution. 

ig  u  :; 

1   Oj   ^ 

'     g 

and  c. 

1 

oxalic 
d.     c. 

1  *"  irt    . 

•X3  M  j» 

c  2  = 

'   0 
g? 

ee 

S, 

June  24. 

• 

es 

E 

• 

'    ^    .      Jo  =     . 

^—    Of 

OB  qo 

1        fa    - 

••  s 

O  ^ 

o  •" 

■^                  ♦» 

H 

■o 

— 

O 

o 

A.  ai. 

9:U0  to  9:80 

10-6     28-8 

89*4 

50-2 

10-8 

218-8 

545-8 

36-4 

9J$6  to  10-26 

11-2  '   29-1 

40-8 

50-3 

1       9-9 

200-1 

5oo'3 

87-4 

10:47  to  11:17 

12-0      290 

41-0 

50-2 

9-2 

185-9 

465-0 

88-1 

11:88  to  12:08 

10-6      28-7 

89-3 

50-2 

10-9 

220-3 

550-9 

86-8 

P.  M. 

2.-08  to  2:88 

10-8      28-5 

88-8 

50-2 

11-4 

280-4 

5761 

86-9 

2:51  to  8:21 

9-4      28-2 

87-6 

50-2 

12-6 

254-9 

6368 

87-1 

8:42  to  4:12 

9-7      28-5 

38-2 

50-2 

120 

242-5 

606-5 

870 

4:80  to  5.K)0 

9-7 

28-5 

88-2 

50-2 

120 

242-5 

606-5 

86-4 

Average, 

10-5 

28-6 

89-1 

50-2 

IM 

224-8 

561-0 

87  0 

June  25. 

With  ( 

dnchoi 

lidhie  I 

mlphate. 

A:  M. 

1 
1 

9:08  to  9:88 

10-8 

28-6 

39-4 

50-2 

10-8 

218-3 

545-8 

88-6 

9:58  to  10:28 

11-4 

28-9 

40-3 

50-2 

9-9 

200-1 

500-3 

38-6 

10-.58to  11:28 

IM 

28-7 

39-8 

50-3 

10-4 

210-2 

525-6 

38-6 

11:48  to  12:18 

11-6 

28-7 

40-8 

50-2 

9-9 

2001 

500-3 

38-7 

P.  M. 

• 

2.-04  to  2-.84 

111 

28-8 

89-9 

50-2 

10-3 

208-2 

520-5 

38-9 

2:59  to  8*.29 

11-5 

290 

40-5 

50-2 

9-7 

196-0 

490-2 

39-0 

9M  to  4:26 

tl-6      290 

40-6 

50-2 

9-6 

1940 

485-2 

39  0 

40^0  to  5:20 

12-1 

291 

41-2 

50-2 

9  0 

181-9 
201-1 

454-8 

89-1 

Ayerage, 

11-4 

28-8 

40-2 

50-2 

10-0    1 

5028 

38-8 

Following  are  the  average  daily  amounts  of  carbonic  acid  excreted, 
expressed  in  milligrams  per  37*6  litres  of  aspirated  air,  together  with 
the  average  body  temperature, 

June  24,  87-0'*  C,  561  0  milligrams  CO,. 

"    25,  38-8  502-8 

Followinir  are  the  doses  of  cinchonidine  : 


June  24, 
"  25, 
••   25, 


6:12  p.  M., 
10:85  A.  M., 
12:85  P.  H., 


t'OOO  gram  cinchonidine  sulphate. 
0-250     "  **  " 

0-335     **  **  ** 


1-575 


Rabl»it  died  at  5:40  p.  m.,  June  25,  in  convulsions. 
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In  the  second  series  of  experiments,  smaller  doses  of  quinine  were 
employed,  so  tliat  no  special  toxic  action  was  observed.  In  this  case 
there  seemed  to  be  a  gradual  falling  of!  in  the  amount  of  carbonic 
acid  produced;  such  a  decrease  as  might  be  assumed  would  naturally 
result  from  diminished  proleid  metabolism. 

The  results  are  shown  in  the  accompanying  tables. 

The  body  temperature,  as  determined  per  rectum  did  not  show  any 
change  whatever  under  the  influence  of  this  quantity  of  quinine 
(total  dose  1*575  gram  of  quinine  sulphate).  There  does  not  appear 
to  be  any  proof  that  moderate  doses  of  quinine  lower  the  body 
temperature  of  healthy  animals  or  even  man,  and  Kerner  found  in 
his  experiments  that  a  full  dose  of  quinine  given  to  a  healthy  man 
would  prevent  the  usual  rise  of  temperature  resulting  from  vigorous 
exercise,  but  did  not  affect  the  temperature  under  ordinary  circum- 
stances. Liebermeister*  has  also  reported  that  the  alkaloid  has  no 
constant  depressing  action  on  the  bodily  heat  in  health. 

Two  other  short  series  of  experiments  were  tried  with  quinine,  also 
with  rabbits  in  a  condition  o(  hunger.  In  both  of  these  cases  the 
quinine  was  introduced  by  sub-cutaneous  injection  in  the  form  of 
sulphate.  In  both  cases  there  was  a  slight  fall  in  temperature, 
accom])anied  with  a  noticeable  decrease  in  the  amount  of  carbonic 
acid  eliminated,  directly  after  injection  of  the  quinine.  This  effect, 
however,  was  only  temporary,  for  the  temperature  quickly  rose 
to  the  normal,  and  even  somewhat  above  the  normal  point,  while 
the  carbonic  acid  in  the  third  series  came  quite  back  to  the  normal 
and  in  the  fourth  series  remained  only  a  little  way  below. 

It  would  appear,  therefore,  from  our  experiments,  that  in  a  healthy, 
hungry  rabbit  moderate  doses  of  quinine  sulphate  exercise  at  the 
most  only  a  very  slight  ilepressing  influence  on  body  temperature, 
and  have  but  a  minimum  effect  on  the  production  of  carbonic  acid. 

Action  of  cinchonidine  sulphate. 

Previous  experiments  f  on  man  have  shown  that  cinchonidine  has 
the  power  of  lessening  materially  the  elimination  of  nitrogen,  pre- 
sumably through  its  inhibitory  action  on  proteid  metabolism. 

Cinchonidine  is  sui)|)Osed  to  have  much  the  same  physiological 
action  as  quinine  and  cinchonine,  only  weaker.     Our  present  experi- 


*  Deutsfb.  Archiv  fiir  Klinischc  Metiicin,  Band  iii. 

f  See  Chittenden  and  Wliitelionse,  Studies  from  the  Lalwratory  of  Physiological 
Clieniistry,  vol.  i,  p.  104. 
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ments  with  the  alkaloid,  using  quite  large  amounts  of  tlie  sulphate, 
show  a  somewhat  diflferent  action  from  quinine.  Using  a  large  rab- 
bit, without  food  for  three  days,  and  giving  it  by  way  of  the  mouth, 
in  gelatin  capsules,  large  doses  of  the  alkaloid,  there  w^as  a  very 
noticeable  and  constant  rise  in  temperature  up  to  the  very  time  of 
death,  accompanied  by  a  slight  but  gradual  diminution  in  the  amount 
of  carbonic  acid  given  off.  In  all,  1*575  grams  of  cinchonidine  sul- 
phate were  given ;  an  amount  exactly  equal  to  the  quinine  sulphate 
given  in  the  second  series  of  experiments  with  quinine.  With  cin- 
chonidine, however,  the  rabbit  was  much  prostrated,  showed  symp- 
toms of  tetanic  convulsions,  and  finally  died  in  a  vigorous  tetanic 
spasm  at  the  end  of  the  second  day. 

The  results  are  shown  in  the  preceding  table. 

Action  of  Antipyrine, 

Antipyrine  or  dimethyloxychinicine  has  of  late  been  much  experi- 
mented with.  Among  the  many  statements  which  we  have  seen 
recently  concerning  its  action  are  the  following,  which  are  of  interest 
in  this  connection.  Arduin*  found  that  3  grams  given  to  a  rabbit 
produced  cataleptic  stiffness,  diminished  reflexes,  etc.,  followed  by 
violent  convulsions.  There  was  also  a  very  marked  fall  of  bodily 
temperature.  Anseroff,f  by  experiments  on  animals,  found  that  the 
alkaloid  caused  an  increase  of  blood  pressure  and  a  decrease  of  inter- 
nal temperature,  as  shown  by  a  thermometer  in  the  rectum,  but  a 
considerable  rise  in  tlie  external  temperature,  sometimes  as  much  as 
12"  C.  Pavlinoff  J  has  reported  that  antipyrine  produces  a  very  con- 
siderable quickening  of  the  respiration,  w^hile  Dr.  Walter,  of  St. 
Petersburg,§  is  reported  as  having  found  that  the  alkaloid  while 
reducing  febrile  temperature,  also  reduces  nitrogenous  tissue  changes  ; 
and  further,  that  the  assimilation  of  proteids  is  materially  favored  by 
the  drug.  F.  Mtlller  ||  has  also  found  that  in  fever  antipyrine  dimin- 
ishes the  excretion  of  nitrogen.  Coppola,^  however,  states  that  in  the 
case  of  a  dog,  0'3-0*4  gram  of  antipyrine  was  wholly  without  action 
on  its  excretion  of  nitrogen.     Coppola  has  further  found   that  the 


*  Abstract  in  Therapeutic  Gazette,  3d  series,  vol.  i,  p.  677. 
f  Abstract  in  Therapeutic  Gazette.  3il  series,  vol.  ii,  p.  31 5. 
X  Abstract  iu  Therapeutic  Gazette,  3d  series,  vol.  ii,  p.  339. 
§  Abstract  in  Therapeutic  Gazette.  3d  series,  vul.  ii,  p.  r>3. 
I  Jahresbericht  fiir  Thiercliemie,  xiv,  242. 
Tf  Jahresbericht  fiir  Tliierchemie,  xv,  97. 
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FlBST  SERIES  OF  EXPERIMENTS  WITH  ANTIPYRINE. 

Normal  period,  tcithout  antipyrine. 
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8-7 

25-8 

1 

;m-5 

401 

11-0 

234-5 

586-3 

88-3 

4:15  to  4:45 

8-4 

26  0 

1 

34-4    1 

461 

11-7 

286-5 

591-3 

88-0 

5:00  to  5:39 

7-4 

25-6    , 

33  0 

461 

131 

264-8 

662*0 

,S8-l 

Avoni^j^c, 
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alkaloid  not  only  has  a  noticeable  antipyretic  action  in  conditions  of 
fever,  but  also  reduces  the  temperature  in  healthy  organisms.  The 
extent  of  reduction,  however,  is  not  great,  ranging  only  from  0*1  to 
0'6  of  a  degree.  Further,  the  diminution  in  temperature  is  to  be 
ascribed,  according  to  Coppola,  not  to  diminished  metabolic  activity, 
but  to  increased  giving  up  of  heat,  due  to  dilatation  of  tlie  blood- 
vessels by  the  antipyrine.  Jacubowitsch  *  also  claims  for  antipyrine 
ail  inhibitory  action  on  the  excretion  of  uric  acid.  So  far  as  our 
knowledge  extends,  however,  no  experiments  have  been  tried  as  to 
the  influence  of  this  therapeutic  agent  on  the  production  of  carbonic 
acid. 

Our  experiments  have  been  confined  wholly  to  rabbits,  and  those 
in  a  condition  of  hunger.  In  the  first  series  of  experiments,  during 
the  antipyrine  period,  the  alkaloid  was  given  in  large  and  oft-repeated 
doses,  in  the  form  of  powder,  in  gelatin  capsules,  at  follows: 


May  25, 

8:88  A.  M., 

0-2  i 

gram  antipyrine 

-    25, 

9:«5     •* 

0-2 

*( 

*•    25, 

10:8<)     ** 

0-2 

t* 

"    25, 

11:27     ** 

0-2 

-    25, 

12:27  P.  M., 

0-6 

"    25, 

2:55     ** 

0-6 

"    25, 

8:54     ** 

0-6 

"    25, 

4:51      ** 

0-6 

"    25, 

5:46     ** 

0-6 

"    26, 

8:45  A.  M  , 

0-6 

*    26, 

9:88     ** 

10 

5-4 

The  accompanying  tables  show  the  results  obtained.  At  the  end 
of  the  last  period  of  the  second  day  (May  20)  respiration  was  very 
rapid,  about  208  per  minute,  and  during  that  period  the  amount  of 
carbonic  acid  excreted  was  larger  than  in  any  other.  In  spite  of  the 
large  dose  taken,  however,  the  alkaloid  appears  to  have  had  no 
special  action  on  the  production  of  cjnbonic  acid,  and  further,  the 
temperature  was  only  very  slightly  lowered  until  on  the  last  day, 
just  prior  to  the  animal's  deatli.  On  the  last  <lay  of  the  experiment 
(If ay  26)  the  rabbit  appeared  much  prostrated,  and  at  10.35  a.m. 
was  seized  with  a  convulsion,  followed  soon  after  by  three  others, 
dying  at  11.30  a.  m. 

In  the  second  series  of  experiments  somewhat  smaller  amounts  of 
antipyrine  were  given,  but  here,  as  in  the  first  series,  there  was  no 


♦  Jahresbericht  fur  Thierchemie,  xv,  p.  444. 
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Second  series  of  Experiments  with  Antipyrine. 
Normal  period,  without  antipyrine. 
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10:43  to  11:13 

101 

25-7 

35-8 

44-3 

8-5 

170-8 

4270 

889 

11:40  to  12:10 

9-7 

257 

a5-4 

44-3 

8-9 

179-9 

449-8 

88-7 

p.  M. 

2:15  to  2:45 

9-6 

25-6 

35-2 

44-8 

91 

188-9 

4599 

89-2 

3:12  to  8:42 

9-9 

25-8 

35-7 

44-8 

8-6 

173-8 

434*6 

88-4 

4:11  to  4:41 

9-7 

25-6 

35-3 

44-3 

9  0 

181-9 

454-8 

38-3 

5:05  to  5:^5 

8-7 

25-3 

34-0 

41-8 

10-3 

208-2 

5205 

38-4 

Average, 

9-6 

25-6 

35-2 

44-3 

9.08 

183-5 

4589 

88-7 
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With  antipyrine—continried. 


Date. 

Oxalic  acid  to 
neutralb.e  ba- 
ryta solution. 

Total  oxalic  acid 
used.     c.  c. 

Oxalic  acid  equiva- 
lent to  250  c.  c. 
Ba(OH)a.    c.  a 

Difference,    c.  c.  ox- 
alic acid. 

• 

o 

08 

COa  in  3T*5  L.  aspi- 
rated air.     mg. 

1 

• 

u 

2 

June  2. 

tube  a. 
c,  c. 

tubes  b 
and  c. 
c.  c. 

a 

A.  U 

8:56  to  9:26 

100 

25-5 

35-5 

44-3 

8-8 

177-8 

4447 

38-7 

9:53  to  10:23 

9-8 

25-6 

35-4 

44-3 

8-9 

179-9 

449*8 

88-6 

10:47  to  11:17 

8-8 

25-8 

341 

44-3 

10-2 

206-1 

5i5'S 

37-8 

11:43  to  12:13 

8-6 

25-1 

38-7 

44-8 

10-6 

214-2 

5357 

371 

P.M. 

2:02  to  2:32 

8-6 

251 

83-7 

44-3 

10-6 

218-2 

533'2 

87-1 

2:55  to  3:25 

8-7 

251 

33-8 

44-3 

10-5 

212-2 

530-6 

37-8 

8:54  to  4:24 

8-8 

25-3 

84-1 

44-3 

10-2 

2061 

515-5 

87-6 

4:47  to  5:17 

8-5 

251 

83-6 

44-8 
l4-8 

10-7 

216-8 

540-8 

87-5 

Average, 

8-9 

25-3 

34-2 

10-06 

208-2 

5o8'2 

87-7 

Following  are  the  average  daily  excretions  of  carbonic  acid,  ex- 
pressed in  milligrams  per  37*6  litres  of  aspirated  air,  together  with 
average  daily  body  temperature: 

May  31  38-8"  C.  489-9  milligrams  COa. 

Jime  1  38-7  458-9 

"    2  37-7  508-2 

Antipyrine  was  given  in  the  following  quantities  by  mouth,  in 
gelatin  capsules: 


May 

31 

4.57  p.  m. 

0*2  gram  antipyrine. 

June 

8:40  a.  m. 

0-2 

9:81     " 

0-2 

10:25    " 

0-2 

11:20    ** 

0-2 

12:17  p.  m. 

0-2 

2:52     ** 

0-2 

3:49    " 

0-2 

4:48    ** 

0-2 

5:40    ** 

0-2 

2 

8:45  a.  m. 

0-5 

2 

9:84    - 

0-5 

2 

10:31     *' 

0-5 

2 

11:24    *• 

0-5 

2 

4:45  p.  m. 

0-2 

4-2 
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\\\$io^Tmhh^  action  ott  the  excretion  of  cmrbonic  mcid.  Farther,  th« 
Alkuloid  \lul  not  nolicenbly  lower  the  body  temperatore  until  tovar^i 
Ike  ckwpe  of  the  second  d«y»  when  the  quantity  given  had  reached  ai: 
amount  iMvirly  mScient  to  produce  a  fatal  result.  We  have  then  v. 
iHMclu^le  thai  antipyrine^  at  lea^l  in  thempeutic  dotses;.  has  no  <[ieciA; 
iuAuen<v  on  the  |a\xluclion  or  elimination  of  carbonic  acid  by  the 
rabbiu 
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Some  Experiments  on  the  PnYSiOLOQiCAL  Action  of  Uranium 
Salts.     By  R.  H.  Chittenden  and  Alexander  Lambekt,  M.D. 

In  1885,  experiments  were  commenced  in  the  laboratory  of  phys- 
iological chemistry  at  Yale  University,  to  ascertain  something 
regarding  the  physiological  and  toxical  action  of  uranium  salts.  At 
that  time  there  was  little  accurate  knowledge  concerning  uranium. 
Gmelin*  had,  in  1824,  performed  a  few  experiments  with  the  nitrate 
from  wiiich  he  concluded  that  this  salt  is  a  feeble  poison ;  thus  he 
states  that  15  grains  had  no  effect  on  a  dog,  that  1  drachm  merely 
caused  vomiting  after  more  than  an  hour's  interval,  and  that  34 
grains  killed  a  rabbit  in  52  hours  by  stopping  the  irritability  of  the 
heart,  while  3  grains  injected  into  the  jugular  vein  of  a  rabbit 
caused  instant  death.  Later,  in  1851,  there  appeared  a  statement 
in  the  British  and  Foreign  Medico-chirurgical  Review  that  Leconte 
always  found  sugar  in  the  urine  of  dogs  slowly  poisoned  by  small 
doses  of  uranium  nitrate.  This  statement  was  commented  upon  by 
Hughes  in  his  manual  of  pharmico  dynamics  (p.  860),  and  has  been 
made  the  basis  of  a  claim  by  the  so-called  homceopathic  school  that 
uranium  nitrate  is  a  remedy  for  diabetes.  Hughes  also  refersf  to  a 
monograph  by  Edward  Blake  on  uranium,  where  three  persons  and 
nineteen  animals  were  experimented  on.  In  none  of  Blake's  subjects, 
however,  human  or  brute,  was  sugar  eliminated  in  the  urine. 
Ulceration  of  the  pyloric  end  of  the  stomach  and  of  the  duodenum 
was  found  well  marked  in  several  of  the  animals,  although  in  no 
case  was  the  drug  introduced  directly  into  the  stomach.  Hughes, 
likewise,  refers  to  several  cases  of  diabetes  which  he  considers  were 
cured  by  the  exhibition  of  small  doses  of  uranium  nitrate,!  one-sixth 
to  one-third  of  a  grain  three  times  a  day.  This  constitutes  all  the 
matter  bearing  on  uranium  that  we  have  been  able  to  find. 

Our  work  was  commenced  by  a  series  of  experiments  on  the  in- 
tluence  of  a  variety  of  soluble  uranium  salts  on  the  action  of  the 
aniylolx  tic  and  proteolytic  ferments  occurring  in  the  animal  organ- 

*  K(liu))urgh  Mediciil  and  Surgical  Journal,  vol.  xxvi,  p.  136. 

t  Ibid.,  p.  807. 

X  Lancet,  Juno  13,  1874. 

Ti:\NS.  Cnss.  AOAI).,   Vol.  VIII.  1  NOT^   1888. 
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ism.  The  reBults,  already  pablisbed,*  show  plainly  that  all  of 
aranyl  salts,  with  one  or  two  exceptions,  have  a  more  or  less  mai 
inhibitory  influence  on  amylolytic  and  proteolytic  action.  V 
the  salivary  ferment,  even  0*010  per  cent,  of  uranyl  nitrate  was  £ 
cient  to  completely  stop  all  action,  while  with  pepsin-hydrochl 
acid  and  with  alkaline  trypsin  solutions,  0*5  per  cent,  of  the  6 
salt  was  required  to  produce  an  equal  effect.  In  this  case 
inhibitory  action  of  the  uranium  salt  was,  in  part  at  least,  due  to 
formation  of  a  more  or  less  definite  and  indigestible  compounc 
uranium  with  the  proteid  matter  to  be  digested.f 

On  the  excretion  of  carbonic  acid,  uranyl  nitrate,  by  a  later  sc 
of  experiments,!  was  also  found  to  have  a  marked  influence.  V 
rabbits,  the  hypodermic  injection  of  this  salt  was  followed  by  a  sli 
rise  in  body  temperature  and  a  decided  increase  in  the  elimina 
of  carbonic  acid.  The  action  of  the  salt  was  somewhat  slow, 
repetition  of  the  experiment  always  led  to  an  increase  of  b 
temperature  and  a  decided  increase  in  the  amount  of  carbonic  : 
excreted.  0*7  gram  of  the  salt  in  divided  doses  was  required 
produce  the  result  stated,  the  rabbit  not  suffering  any  apparoni 
effects  from  this  quantity. 

The  object  of  the  present  series  of  experiments  has  been  :   Ist 
ascertain  the  influence  of  uranium  salts  on  proteid  metabolism  ; 
to  aseertain  something   regarding  the  toxic  action  of  uranium  sa 
and    3d,    whether  uranium   has  any  influence  on  the  productioi; 
glycosuria. 

Influence  oji  proteid  metabolism. 

In  this  experiment  a  mongrel   bitch  weighing   18-8  kilos  was 
ployed.      The  animal   was  confined    in   a  convenient  cage  suita 
arranged  for  tlie  collection  of  the  excreta,  and  was  fed  during 
ox{>eriment  upon   a  constant  diet  of  known  composition.     A   la 
quantity  of  fresli,  lean  bocf  finely  chopped,  was  dessicated  at  a 
temperature  until  it  had  lost  about  75  per  cent,  of  water.     It  t 
contained    11 'HS  j)er  cent,  of  nitrogen,  as  determined  by   Kjelda 
method.     A  large  (luantity  of  ordinary  soda  crackers  were  obtai; 
and  when  sampled  were  Umnd  to  contain  0*09  per  cent,  of  nitro^ 
4U  grams  of  this  prepared   beef  and  25  grams  of  the  crackers,  m 

*  (.-hitti-ndiMi   and    Huiohiiisoii.      Studies   from   the   Laboratory   of    Physioloj 
Che!ni:?trv,  Yale  riiivcisitv,  vol.  ii. 

f  .So*.'  CliitU.'iidcii  .'ind  Whitehousc.     Studies,  vol.  ii,  p.  111. 
J  Cliitt^»utleii  aud  Cummins.     Studiu.s,  vol.  ii. 
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400  c.  c.  of  water  were  fed  to  the  animal  twice  daily,  making  a  total 
daily  income  of  1 0*054  grams  of  nitrogen.  As  soon  as  nitrogenous 
equilibrium  was  established,  the  24  hours'  urine  was  analyzed  for 
nine  consecutive  days,  thus  giving  the  average  composition  of  the 
normal  excretion.  Uranyl  nitrate  was  then  administered  for  ten 
consecutive  days  in  gradually  increasing  quantities. 

The  accompanying  tables  give  the  analytical  results.  Nitrogen 
was  determined  by  the  Kjeldahl  method,  sulphur  and  phosphorus 
by  fusion  of  a  given  volume  of  the  urine  with  potassium  hydroxide 
and  potassium  nitrate  in  a  silver  crucible,  and  precipitation  of  the 
sulphur  as  barium  sulphate  and  of  the  phosphorus  first  as  phospho- 
ammonium  molybdate  and  then  as  ammonio-magnesium  phosphate.^ 

Normal  Urine— Without  uranium. 


Dale 

Volume. 

Re- 
action. 

Sp.  Gr. 

Nitrogen 

1 

1 

Sulphur. 

Pho.s- 
phorus. 

Dose  of 
Uranyl  nitrate. 

May 

c.  c. 

1 
grams. 

gram. 

gram. 

31 

505 

acid 

1016 

8-414 

0-441 

0-672 

0 

June 

1 
1 

' 

1 

610 

1017 

10-380 

0-516 

0-687 

0 

2 

630 

*• 

1016 

10-040 

0-558 

0-665 

0 

3 

000 

1018 

9-618 

0-589 

0-595 

1 

0 

4 

630 

1018 

10-770 

0-661 

0-715 

0 

5 

570 

1019 

10-325 

1 

0-608 

0-632 

0 

6 

400 

1020 

8-738 

0-628 

0-746 

0 

i 

590 

1018 

10-091 

0-576 

0-712 

0 

8 

640 

1016 

,  10-763 

0-604 

0-645 

j  0-025  gram. 
<  0-025 

Total 

52U5 

89-139 

6-181 

5*919 

Dailv 
average 

J<V6' 

1017-5 

9-904 

1 

0-575 

'    0-657 

i 

Examination  of  the  first  table  shows  that  the  animal  was  in  nitro- 
genous equilibrium,  the  average  daily  excretion  of  nitrogen  for  the 
normal  period  being  9*904  grams  while  the  daily  amount  of  nitrogen 
taken  was  10-054  grams,  thus  showing  a  fairly  close  agreement,  espe 


*  Sic  studies  from  Laboratory  of  Physiological  Chemistry,  Yale  University,  vol.  ii, 

p.  .SH. 
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daily  as  there  would  be  a  slight  loss  of  nitrogen  through  the  hair 
daily.  On  commencing  tlic  administration  of  uranium  nitrate,  8 
doses  were  at  first  given  two  or  three  times  daily  in  gelatin  caps 
at  times  not  to  interfere  with  digestion.  On  the  second  day,  urai 
was  detected  in  the  urine.  On  June  12th,  the  5th  day  the  urai 
salt  was  given,  a  trace  of  albumin  appeared  in  the  urine  and  on 
day  following,  the  24  hours'  urine  contained  1*74  grams  of  albu 

With  Uranium. 


Dale. 


Volume. 


June 

0.  c. 

0 

600 

10 

600 

11 

602 

12 

680 

13 

640 

14 

710 

15 

720 

16 

sao 

17 

040 

Nitro- 
gen— 
nitrogen   Sulphur. . 


Total 
nitrogen,  "'"'^l 

albumin. 


grams. 
10-285 

8-895 

8-925 

8-880 

11-391 

8-847 


Phos- 
phorus, 


f2:rams.     gram. 
10-2a')      0-587 

8-895  :    0-404 

8-925      0-574 

8-380      0-525 


Doe 

Ur 
Diti 


11-093 


0-724 


8-439      0-634 


10-608  :    10-141       0-571 


1022        11-767      11-446      0-738 


(( 


1025     I    11  178 


Total.       G0e2 


Daily 
average 


G60 


10-955 


0-606 


gram. 
1-226 

0-556 

0-612 

0-608 

0-621 

0-628 

0-628 

0-704 

0-626 


0 
0 
0 
0 

(0 

0 

0 

0 

0 

0- 

0- 

0 

0" 

0- 


U0'27G      SS-559  •    5-363        6'204 


18 


050       acid       1026        10-179 


9\S30 

0-596 

0-689 

9-772 

0-611 

0-542 

I 
1 

(0- 

(0- 

(0 

\^' 

(0- 


r 

grai 


0 


On  the  lOth  of  June,  tlie  urine  contained  7*7  grams  of  sugar.     1 
appoaranoo  and  (lisap]>earance  of  both  albumin  and  sugar  were 
lowed    (juantitatively    and    tlie  results    will   be  discussed    later 
Naturally,  the  appeanince  of  albumin  in  the  urine  compels  a  con 
tion   in   the  table  of   nitrogen  results  on   tliose  days   when  albui 
was  excreted.      This  has  been  done  by  subtracting  from  the  tc 
nitrogen    found,   tlie    nitrogen   equivalent   to   the   albumin,   on 
assumption  that  tlie  latter  contains  15-5  per  cent,  of  nitrogen. 
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Exaniiiiation  of  the  analytical  results  shows  tliat  the  uranium  salt 
has  a  marked  influence  on  the  excretion  of  water,  the  increase 
amounting  on  an  average  for  the  nine  days  period  to  over  80  c.  c. 
per  day.  There  is  also  a  very  marked  increase  in  the  specific 
gravity  of  the  daily  excretion,  but  this  is  without  doubt  in  great 
part  due  to  the  presence  of  albumin  and  sugar,  as  the  increase  is 
most  noticeable  on  those  days  when  the  largest  amounts  of  sugar  and 
albumin  were  excreted. 

Regarding  nitrogen,  a  comparison  of  the  total  amounts  excreted 
for  the  two  periods,  after  correction  for  the  nitrogen  of  the  albumin, 
indicates  that  small  doses  of  the  uranium  salt  have  little,  if  any, 
influence  on  proteid  metabolism.  On  the  last  three  days  of  the 
uranium  period,  however,  when  the  amount  administered  had  not 
only  been  increased,  but  there  was  doubtless  also  an  accumulative 
eifect,  the  excretion  of  nitrogen  appeared  to  be  considerably  above 
the  normal,  certainly  enough  to  warrant  the  assumption  that  com- 
paratively large  doses  of  uranium  salts  may  increase  somewhat  pro- 
teid metabolism,  and  this  view  is  sustained  by  the  increase  in  both 
the  total  and  daily  average  amounts  of  sulphur  and  phosphorus 
excreted.  During  the  uranium  period  of  ten  days,  i '295  grams  of 
the  nitrate,  or  19*98  grains,  were  given  without  any  apparent  ill 
efl^ects  being  immediately  produced. 

E^ecretion  of  s^igar  and  albumin. 

After  about  0*4  of  a  gram  of  uranium  nitrate  had  been  given,  the 
urine  began  to  show  traces  of  albumin  and  five  days  after  this,  sugar 
made  its  aj)j)earance.  The  amounts  excreted  are  shown  in  the  accom- 
panying table.  Sugar  was  determined  by  Allihn's  gravimetric 
method,  and  albumin  by  boiling  with  acetic  acid  and  collecting  the 
coagulum  on  a  weighed  filter.  On  the  18th,  the  weighed  diet  was 
discontinued,  but  the  urine  was  kept  under  close  scrutiny  with  the 
results  sliown  in  the  table.  The  sugar  first  disappeared  and  four 
days  after  this  the  albumin,  likewise.  On  again  administering 
uranium,  and  in  much  larger  doses  than  in  the  first  series,  both 
sugar  and  albumin  failed  to  appear  until  after  a  single  dose  of  over 
4  grams  of  the  salt  had  been  administered,  when  considerable  albu- 
min showed  itself  in  the  urine.  We  were  then  compelled  to  stop 
the  exj)eriment,  and  the  dog  was  chloroformed  and  a  post-mortem 
immediately  made. 

The  liver  was  excessively  congested  and  appeared  abnormally 
largo.      Microscopic  examination  of  hardened  sections  showed  an 
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Table  siiowtng  the  amounts  of  Albumin  and  Sugar  in  the  I> 

Urine. 


Date. 


June 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 

21* 

22 

28+ 

24 

25 

,?6 

27 

28 

29 

80 

July  I 
o 

8 


Volume.     Reaction.     Sp.  Gr. 


Albumin. 


c.  c. 
640 
600 
600 
602 
680 
640 
710 
720 
880 
640 
650 

12H0 

750 
410 

460 
480 


T 


acid 


1016 
1017 
1015 
1018 
1017 
1022 
1020 
1023 
1022 
1025 
1026 

weighed!  rliet  dis 
acid      ,    1016 

I     1027 

alkaline       1035 

acid 


(t 


it 


(( 


(< 


ii 


ti 


1 1 


ik 


i% 


1018 
alkaline       1030 


grams. 

0 

0 

0 

0 
trace 
1-741 
2-634 
8-009 
2-066 
1-441 
2-683 
continued. 
3-604 
considerable 
3-048 
1-756 
some 
0-578 
trace 

0 

0 

0 

0 

0 

0 

0 

0 

0 
considerable 


Sugar. 

Da 
Ur 
nit 

grams. 
0 

0- 

0 

0- 

0 

0- 

0 

0- 

0 

0- 

0 

0- 

0 

0- 

0 

0- 

7-785 

0- 

7-449 

0- 

7-476 

14-887 

considerable 

0-525 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

4 

0 


infiltration  of  cells  around  tlie  blood  vessels,  but  aside  from  thi 
an  apparent  tendency  of  tlie  liver  cells  to  separate  into  st 
masses  tliere  was  notliing  abnormal.  The  kidneys  both  had  a 
out  ea|)sules  aii<l  the  medullary  portion  was  large  in  ratio  t 
cortex,  which,  besides  being  smaller  than  normal,  was  striated. 
lesion  as  made  out   microscopically  was  acute  parenchymatous 

*  On  this  (l;iy  ^Tannlar  ousts  wore  found.  \m\.  tlioy  were  uot  present  on  the  : 
in;:  day 

f  Ih^y:  voniitod  trocly. 
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ritift.  The  endothelial  cells  of  the  malphigian  tufts  were  swollen 
and  proliferated,  so  that  frequently  the  tuft  of  vessels  w^as  com- 
pressed by  these  proliferating  cells  and  by  the  detritus  and  infiltrat- 
ing pus  cells.  In  the  convoluted  tubules  the  cells  were  swollen, 
granular  and  very  much  broken  down,  while  the  lumen  of  the  tubes 
themselves  was  often  filled  with  detritus  and  cast  matter.  In  the 
straight  tubules,  the  cells  were  also  occasionally  broken  down  and 
frequently  swollen  and  granular.  The  stroma  was  found  in  places 
infiltrated  with  pus  cells.     Stomach  and  intestines  were  normal. 

Further  data  regarding  the  excretion  of  albumin  and  sugar, 
through  the  action  of  uranium,  are  given  in  the  description  of  the 
toxic  action  of  this  substance. 

The  toxic  actio7i  of  uranium. 

Our  experiments  on  the  toxic  action  of  uranium  have  been  confined 
wholly  to  the  action  of  pure  uranyl  nitrate  on  rabbits,  nine  in  number. 
The  animals  were  confined  in  cages  with  proper  outlets  for  collecting 
the  excreta,  and  were  fed  on  grass,  spinach,  and  other  green  food. 

Experiment  I, 

Large,  vigorous  buck.  In  this  experiment  small  doses  of  uranium, 
gradually  increased,  were  given  in  gelatin  capsules,  and  the  urine 
examined  each  day  for  albumin  and  sugar.  The  accompanying  table 
gives  the  details  of  dose  and  the  amounts  of  sugar  and  albumin 
found. 

Outside  of  changes  in  the  urine  there  were  no  indications  of  toxic 
action  until  on  the  ninth  day,  when  a  slight  weakness  was  noticeable, 
especially  in  the  hind  legs.  After  this,  the  animal  gradually  grew 
weaker  and  emaciated,  with  total  loss  of  appetite  and  with  eyes  dull 
and  watery.  On  the  8th  of  June,  a  large  quantity  of  thick  tenacious 
mucus  mixed  with  pin-head  ficces  was  passed.  Motion  of  all  kinds 
was  difficult.  On  the  9lh  of  June,  the  animal  could  not  sit  uj)  and 
(luring  portions  of  the  day  there  appeared  to  be  paralysis  of  both 
hind  Ici^s.  Later  in  the  day  the  power  of  motion  returned,  and  when 
jilaced  on  his  back  the  rabbit  could  kick  out  feebly  with  both  legs. 
On  the  next  day  his  weakness  and  dullness  were  still  more  pro- 
nounced, and  when  stirre<l  from  a  squatting  posture  he  trembled  vio- 
lently. His  eyes  were  watery  and  glazed,  with  the  pupils  widely 
dilated.  On  touching  the  cornea  he  did  not  offer  to  close  the  eye- 
lids, but  endeavored  to  withdraw  his  head.  All  power  of  vision  was 
apparently  lost.  Later,  he  lost  the  power  of  coordination  in  his  legs, 
was  unable  to  make  any  coordinate  movements,  though  still  retaining 
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the  power  to  move  each  limb  separately.     All  fsBoal  discharges  had 
stopped  and  the  animal  refused  all  food. 


Date. 

Volume. 

Reaction. 

Sp.  Gr. 

Albumin. 

Sugar. 

Dose  of  Uranyl  nitrate. 

May 

c.  c. 

gram. 

gram. 

gram. 

25 

73 

alkaline. 

1020 

0 

0 

i  0-025 
j  0-050 
10-025 

26 

(( 

— 

0 

0 

27 

70 

(( 

1020 

0 

0 

0-050 

28 

85 

(( 

1016 

0 

0-035 

]  0-050 

29 

75 

(I 

1022 

0-189 

trace. 

j  0-050 

30 

— 

— 

0-050 

(  0-050 
J  0-025 
j  0-050 
\  0-050 

31 
June 

1 

75 

82 

1028 
1023 

0-140 
0125 

0-492 
0 

2 

75 

(( 

1021 

0-101 

0 

j  0-050 
]  0-050 

3 

80 

a 

1020 

0-173 

0 

j  o-a50 

10050 

4 

18 

neutral. 

— 

0-217 

0 

j  0-050 
"f  0-050 

5 

12 

alkaline. 

0-155 

0 

^  0-050 

6 

— 

— 

0-100 

(0-100 
■  0-100 

7 

45 

(( 

1025 

0-518 

0 

8 

30 

i( 

0-301 

0 

0-150 
\  0150 

9 

20 

n 

consid- 

0 

(0-200 
10-200 

erable. 

10 

0 

1 

]  0*200 
/  0150 

2.175  grams. 

On  the  morning  of  the  11th  found  dead.  Post-mortem  showed  the 
heart  distended  on  the  right  side  and  the  lungs  normal.  The  liver 
was  much  smaller  than  normal  and  the  gall-bladder  full  of  very  black 
bile.  On  a  microscopic  examination  of  the  liver,  the  only  noticeable 
feature  was  the  extreme  congestion.  In  the  stomach,  the  mucous 
membrane  seemed  somewhat  disintegrated.  In  the  intestines,  brown 
colored  spots  were  seen  where  Peyer's  patches  are  situated,  and  mi- 
croscopic examination  showed  that  the  latter  were  deeply  inflamed. 
Further,  from  the  large  amount  of  mucus  in  the  mucous  glands,  it 
was  evident  that  there  was  acute  catarrhal  inflammation  of  the  intes- 
tines. The  caecum  was  full  of  black  matter.  There  were  no  normal 
fflBces  in  the  colon  or  rectum,  only  the  pin-head  variety. 
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The  k'ulneys  were  very  much  diminished  in  size  and  extremely  con- 
gested. Sections  showed  that  the  epithelial  cells  of  the  malpighian 
tufts  were  not  swollen  or  proliferated,  though  in  some  places  the 
tufts  of  vessels  were  slightly  compressed  by  detritus.  The  cells  of 
the  convoluted  tubules  were  swollen,  granular  and  broken  down  or 
gone  entirely,  as  were  also  the  cells  of  the  straight  tubes,  the  latter 
being  also  filled  in  places  with  casts  and  detritus.  The  vessels  be- 
tween the  tubes  were  filled  with  blood.  The  stroma  was  swollen 
and  infiltrated  with  pus  cells  and  in  places  there  were  extravasations 
of  blood. 

Brain  and  cord  were  slightly  congested,  but  otherwise  normal. 

Examination  of  the  table  of  urine  tests  shows  that  sugar  appeared 
first  in  the  urine,  but  continued  only  lor  three  days,  while  albumin 
showed  itself  imniediately  afier  the  first  appearance  of  the  sugar  and 
continued  throughout  the  experiment.  The  amount  of  urine  voided 
grew  gradually  smaller  as  the  animal  began  to  feel  the  full  eflTects  of 
the  uranium. 

JSxperiment  IL 

In  this  experiment,  uranium  was  given  as  indicated  in  the  follow- 
ing table,  and  the  urine  examined  each  day. 


~ 

~ 

~   .  a 

Dale. 

Volume. 

Reaction. 

vSp  Gr. 

Albumin. 

Sugar. 

1 

Dose  of  uranyl  nitrate. 

June 

c.  c. 

gram. 

gram. 

gram. 

1 

alkaline. 

^^ 

0 

0 

0050 

o 

100 

ii 

1014 

trace. 

0 

i  0-050 
\  0050 

3 

55 

•i 

1025 

0-192 

0 

j  0-050 
(  0-050 

4 

41 

(( 

— 

0-227 

0-406 

\  0-050 

\  o-a5o 

-• 

125 

acid. 

1024 

1095 

1-078 

j  0050 
0-050 

4 

120 

alkaline. 

1024 

0-523 

0-917 

\  0-050 
i  0-050 

s 

100 

acid. 

1022 

0-237 

trace. 

j  0-100 
0-100 
0-100 
0-100 
0-100 

{0100 
0-100 

9 

55 

alkaline. 

0-351 

0 

10 

125 

»( 

1022 

0-687 

0-480 

11 

75 

(( 

— 

euotidenble. 

0 

12 

75 

<( 

1 

1022 

0-882 

0 

0-100 

1.850  grams. 

On  June  4th,  the   animal   began  to  show  weakness,  particularly 
noti('e:ible   in   his  hind  legs,  but   this   disap])eared  and  the  animal 
Tuans.  Conn.  A.cad.,  Vol.  VIII.  2  Nov.,  1888. 
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appeared  better.  On  the  11th,  it  had  lost  its  appetite,  become  emaci- 
ated and  showed  general  weakness  and  loss  of  muscular  power.  On 
the  following  day  at  noon  it  was  found  dead,  without  having  shown 
any  marked  symptoms  other  than  general  depression  of  the  muscular 
system. 

The  heart  was  found  greatly  distended  on  the  right  side,  lungs 
normal  and  the  liver  small  and  congested,  especially  near  the  lower 
edges  of  the  left  lobe.  Kidneys  were  also  small  and  congested.  The 
bladder  contained  quite  a  little  urine,  with  considerable  albumin  and 
sugar  in  it. 


Experiment  III, 

This  experiment  was  practically  a  duplicate  of  the  preceding.  An 
albino  buck  was  used  and  the  uranium  salt  was  forced  down  the 
throat  in  gelatin  capsules,  as  in  the  preceding  experiments.  The 
table  shows  the  amount  of  nitrate  given  and  the  character  of  the 
urine  each  day. 


Date. 

1 

Volume. '  Reaction. 

Sp.  Or. 

Albumin. 

Sugar. 

Dose  of  uranyl  nitrate. 

May 
25 

26 

c.  c. 
171 

alkaline, 
acid. 

1014 

gram. 
0 

trace. 

gram. 
0 

0 

gram. 

0  025 

\  ()-050 

)  0  025 

27 

28  ■ 

no  urin  e  passed. 

]  0-050 

29  [ 
80  f 

31 

75 
no  urin 

alkaline, 
e  passed. 

1026 

0-494 

0.275 

j  0-050 
/  0-050 
S  0050 
^0-025 

0-800  gram. 

The  first  symptom  noticeable  was  the  suppression  of  urine  for  over 
forty-eight  hours.  On  the  27th,  the  animal  was  quite  dull  and  showed 
signs  of  general  weakness.  As  he  walked,  he  moved  as  if  it  caused 
him  pain  in  the  lumbar  region.  On  the  next  day  he  showed  great 
thirst,  and  he  finally  died  on  June  1st,  a  loose  diarrhoea  setting  in  a 
few  hours  before  death. 

Post-mortem  examination  showed  that  the  heart  had  stopped  in 
diastole,  and  that  it  was  much  distended  with  blood.  Lungs  were 
normal.  The  liver  was  congested,  as  were  also  the  kidneys.  The 
latter  had  non-adherent  capsules.  The  stomach  contained  consider- 
able undigested  food,  and  its  mucous  membrane  was  partly  disinte- 
grated.    Portions  of  the  duodenum  were  somewhat  congested.     The 
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bladder  contained  a  lew  cubic  centimeters  of  urine,  which  had  in  it 
considerable  sugar  and  some  albumin. 

The  most  noticeable  feature  of  this  experiment  was  tlie  suppression 
of  urine. 

Exp€rime7it  IV, 

In  this  experiment,  a  large  white  buck  was  used  and  the  uranium 
was  administered  in  capsules  as  follows  : 

May  17  0*050  gram  uranyl  nitrate. 

18  0-075      **  *'  " 

19  0-075      **  "  " 

20  0-025      ** 


0-225 


There  were  no  symptoms  of  toxic  action  until  tlie  morning  of  the 
20th.  The  rabbit  was  then  dull  and  weak.  He  trembled  violently 
as  he  hop])ed  about ;  the  hind  legs  appeared  partly  paralyzed.  The 
pupils  were  dilated  and  the  appetite  gone.  On  the  21st,  weakness 
was  still  more  pronounced.  Any  movement  was  accompanied  by 
tremblings  and  great  difficulty  was  experienced  while  walking,  in 
making  the  different  movements  correctly.  There  was  severe  diar- 
rha^a  and  the  animal  showed  extreme  emaciation.  On  the  22d,  the 
diarrhoja  had  passed  into  an  involuntary  defecation  more  or  less 
continuous.  The  animal  was  too  weak  to  move  and  lay  all  the  fore- 
noon breathing  heavily,  though  the  number  of  respirations  per  minute 
did  not  go  much  beyond  normal,  45-54  per  minute.  On  the  afternoon 
of  this  day,  two  days  after  the  last  dose  of  uranium  liad  been  admin- 
istered, the  animal  appeared  stronger,  the  involuntary  defecations 
had  ceased,  though  a  loose  diarrhoea  still  continued,  and  the  animal 
appeared  to  have  recovered  the  use  of  its  locomotive  muscles.  On  the 
23d,  however,  the  animal  was  again  unable  to  move  and  finally  died 
at  noon,  the  diarrhoea  having  continued  more  or  less  up  to  death. 

During  the  last  three  days  there  was  complete  suppression  of 
urine,  but  on  the  20th,  59  c.  c.  of  urine  were  passed,  of  specific  gravity 
102J,  and  which  contained- 0-656  gram  of  sugar. 

On  post-mortem  examination,  the  heart  was  found  to  have  stopped 
in  diastole  and  engorged  with  blood.  The  lungs  were  congested. 
The  kidneys  had  non-adherent  capsules  and  the  cortex  and  medulla 
showed  severe  congestion.  The  stomach  contained  no  food,  but  con- 
siderable tenacious  mucus.  The  small  intestines  from  duodenum  to 
ciecuni  were  very  much  congested. 
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Experiment  V, 

Gray  and  white  buck.  This  experiment  was  a  repetition  oj 
IV,  the  same  amounts  of  uranium  salt  being  given  and  at  the 
intervals  of  time.  The  animal  died  three  days  after  the  last  d< 
uranium  had  been  administered.  The  symptoms  were  not 
marked,  simply  loss  of  muscular  power,  and  a  gradual  wasting  a 
On  post  mortem,  the  heart  was  found  in  diastole  and  engorged 
blood.  Lungs  congested.  The  liver  was  black  with  the  blood 
especially  on  the  edges,  and  when  pressed  between  the  fingers 
extremely  pliable  and  of  a  soft,  pulpy  consistency,  showing  ma 
parenchymatous  degeneration.  The  gall  bladder  was  distended 
very  dark  bile.  Both  kidneys  had  non-adherent  capsules.  Th< 
kidney  was  slightly  congested.  The  intestines  had  an  inflamed  f 
in  the  jejunum  and  were  congested  for  a  foot  above  it.  The  bla 
contained  a  little  urine,  which  gave  reactions  for  both  sugar 
albumin.  Sugar  and  albumin  were  also  found  in  the  urine  se^ 
days  before  death. 

Eoi^>eriment  VL 

In  this  experiment  still  smaller  amounts  of  uranium  were  adm 
tered,  a  total  of  only  0*175  gram  being  given  in  three  days, 
following  table  shows  the  dosage  and  the  changes  in  the  urine  : 


■V 


~ 

Date. 

Volume. 

Heaction. 

Sp.  Gr. 

Albumin. 

Sup:ar. 

Dose  of 
uranyl  iiitrato. 

June 

c.  c. 

gram. 

gram. 

gram. 

14 

— 

0 

0 

0-050 

[15 
'l6 

110 

alkaline 

1043 
1027 

0 
0104 

0 
0 

j  0  050 

{  0  025 

0  050 

17 

75 

1022 

0*387 

0 

18 

80 

*  * 

0126 

0 

0-175 

19 
20  ( 
21 

60 

0-154 

0 

— 

■ 

some 

0 

22 

50 

1015 

trace 

0 

There  were  no  noticeable  symptoms  of  toxic  action  aside  from 
changes  in  the  urine,  and  even  here  there  was  no  sugar  at  any  1 
present.  Just  as  the  albumin  had  almost  disappeared  from  the  u 
and  wo  looked  for  spoody  recovery,  the  animal  was  found  dead 
the  23(1).  Post-niortein  showed  the  heart  in  diastole,  engorged  ^ 
blood.    Lungs  normal.     Liver  normal,  aside  from  a  slight  congest 


■/ 
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Sections  under  the  microscope  showed  no  pathological  changes.  The 
kidneys  were  congested.  Under  the  microscope,  the  epithelial  cells 
were  proliferated  and  occasionally  the  tufts  were  seen  slightly  com- 
pressed by  these  proliferating  cells  and  detritus.  The  convoluted 
tubules  showed  swollen  and  granular  cells,  even  broken  down,  in 
places.  In  the  straight  tubules,  the  cells  were  also  swollen  and  gran- 
ular and  sometimes  were  detached  from  the  tubes.  In  places,  there 
was  cast  matter  and  detritus  in  the  tubes.  The  stroma  was  normal. 
Hence,  here,  as  in  many  of  the  preceding  experiments,  it  is  a  case  of 
^cute  parenchymatous  nephritis.  The  stomach  was  full  of  undi- 
gested food  and  apparently  normal;  the  duodenum  was  congested 
and  the  small  intestines  throughout  were  nearly  empty,  except  for  a 
little  mucus.  The  bladder  had  in  it  about  10  c.  c.  of  urine,  which 
contained  a  trace  of  albumin  but  no  sugar. 

Experiment  VIZ 

An  albino  rabbit.  A  single  dose  of  0*3  gram  of  uranyl  nitrate 
was  given  in  a  gelatin  capsule  by  mouth  on  June  13th.  Outside  of 
changes  in  the  urine  there  were  no  symptoms  whatever  until  the  17th, 
when  in  the  early  morning  the  animal  was  found  weak  and  power- 
less, all  motor  power  completely  gone.  It  rapidly  grew  weaker  and 
died  in  the  afternoon  of  the  same  day. 

The  right  side  of  the  heart  was  found  nmch  distended.  The  lungs 
were  normal,  the  liver  small  and  congested.  Kidneys  were  also 
small  and  congested  and  of  a  cloudy  appearance.  Microscopic  exam- 
ination showed  acute  parenchymatous  nephritis.  Stomach  was  full 
of  undigested  food,  but  the  intestines  were  empty.  Both  appeared 
normal. 

On  June  15th,  160  c.  c.  of  alkaline  urine  were  passed,  of  specific 
gravity  1023.  It  contained  0*748  gram  of  albumin  and  1-009  grams 
of  sugar.  On  the  16th,  30  c.  c.  were  passed  of  1022  specific  gravity 
and  cont:iiniug  0*412  gram  of  albumin  and  0*354  gram  of  sugar. 
On  the  17th,  no  urine  was  passed  and  on  making  the  post  mortem  the 
bladder  was  found  empty. 

With  this  rabbit,  an  attempt  was  made  to  ascertain  how  much 
carbohydrate  matter  there  was  in  the  liver  at  the  time  of  death. 
40  grams  of  the  sampled  and  finely  ground  liver  were  thoroughly 
extracted  with  boiling  water  (continuous  extraction  for  three  days), 
frequently  replaced.  The  several  decoctions  were  ultimately  united 
and  finally  brought  to  a  volume  of  500  c.  c.  Two  portions  of  200  c.  c. 
each  were  placed  in  suitable  flasks  and  suflicieut  hydrochloric  acid 
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added  to  each,  to  make  the  fluid  contain  2  per  cent.  HCl.  Tli< 
fluids  were  then  heated  on  water-baths  for  15  hours,  in  order  tc 
vert  all  carbohydrate  matter  into  dextrose.  The  fluids  were 
neutralized,  evaporated  and  finally  tested  for  dextrose  with 
ling's  solution,  by  Allihn's  gravimetric  method.  Both  solutions  : 
to  give  any  reducing  action  whatever,  thus  showing  a  total  la 
carboliydrate  matter  in  the  liver.     This  is  in  strong  contrast  t 

j  normal  condition  of  a  rabbit's  liver,  which  contains  an  abuiidar 

■j  carbohydrate  matter,  both  sugar  and  glycogen;  on  an  average 

per  cent,  of  total  carbohydrates,  as  determined  by  methods  si: 

to  the  one  just  described.*     Glycogenic  function  is  then  destroyc 

•j  uranium,  tlic  same  as  in  phosphorus  poisoning,  but  unlike  the  ai 

of  phosphorus  there  is  apparently  no  fatty  degeneration  of  the  or| 
The  liver  here  experimented  with  was  small  for  the  size  of  the 

'  i|  bit,  a  large  white  buck.     It  was  also  noticeable,  as  in  many  o 

other  rabbits  experimented  on,  that  while  the  stomach  was  f« 
food,  sometimes  even  distended  by  it,  there  was  nothing  at  all  ii 
intestines  below  the  i»ylorua  until  the  ciecum  was  reached,  which 

!  aijrain  full,  and  the   intestines  below    were  either  almost  free 

I,   I  small  jiiTcentage  of  a  soluble  uranium  salt  is  sufficient  to  compl 

stop  gastric  and  pancreatic  digestion.  Tliis  being  the  case  it  is  * 
probable  that  the  emaciation,  etc.,  so  noticeable  m  uranium  [)o 
inijf,  is  the  direct  result  of  tiie  action  of  the  salt  on  the  di<restive  ; 

'  tions.     Nothing  bein^  digested  there  would  be  no  matter  for  ab 

tioii,  and  hence  no  snu^ar-forniin<jf  material  for  the  liver.  All 
carbohyilrate  matter  stored  up  would  in  a  little  time  be  eonipb 
consumed  ami  as  the  ])()rtal  blood  could  bring  no  new  nutritive 

';  ter,  the  liver  would  naturally  diminish  in  size  and  the  animal  be< 

emaciated  and  eveniually  die  from  that  cause  alone,  even  if  the  \ 

ium  gave  no  other  direct  cause  of  death.     In  this  connection  we 

'    '  need  to  recall  the  general   increased  metabolism  of  both  nitroo^e 

■i"  .  .  ^ 

I  an<l  non-nitrogenous  matter,  under  the  influence  of  uranium. 

The  uranium  salt  may  also  act  specifically  on  the  liver  cells,  a1 

ing  their  metabolic  ])o\ver,   preventing  any  storage  of  carbohvc 

matter  or  more  j)rohal)ly  causing  a  degeneration  of  the   cells 

which  they  may  be  led  to  give  up  to  the  blood  in  ai)normal  ab 

anc(!  all  the  carbohy<lrate  matter  previously  stored  up.     This  pos: 

"  P(>st-im»rt<iii  tbniiMiinii  of  siisrnr  in  ilic  livor.     Studies  from  Lal)oratory  of  PI 
logical  I'Lcniirlrv.  Vale  riiiversily,  vol.  1.  p.  171. 


i;  ,1  faeces  or  else  contained  only  the  pin-head  variety.     The  food  ii 

'"  stomach  was  wholly  undigested.     As  has  been  already  pointed  o 


V 


Physiological  Action  of  Vraniuyn  Salts,  1 5 

specific  action  of  tlie  poison  on  the  liver  cells  would  in  a  measure  ex- 
plain the  temporary  glycosuria,  which  appears  and  then  disappears  so 
frequently  in  uranium  poisoning.  Further,  by  a  combination  of  this 
specific  action  with  the  non-absorption  of  nutritive  matter  through 
retarded  digestion,  it  would  be  easy  to  explain  the  alternate  appear- 
ance, disappearance  and  re-appearance,  of  sugar  in  the  urine  in  these 
cases.  Where  the  symptoms  run  their  course  with  a  fair  degree  of 
rapidity,  as  in  continued  dosing  with  uranium,  sugar  appears  in  the 
urine  for  a  few  days  and  then  disappears,  although  the  amount  of 
uranium  administered  may  be  steadily  increased.  In  fact,  the  in- 
creased dose  of  uranium  is  doubtless  the  cause  of  the  furtlier  non- 
appearance of  the  sugar,  since  the  stored  up  carbohydrate  material 
having  been  wholly  used  up,  and  at  the  same  time  digestion  and  ab- 
8orj)tion  being  prevented,  there  is  no  more  carbohydrate-producing 
material  available,  either  directly  or  indirectly.  On  the  other  hand, 
if,  after  the  sugar  at  first  present  has  disappeared  from  the  urine, 
there  comes  an  interval  of  a  day  or  so  when  uranium  is  not  adminis- 
tered and  digestion  again  starts  up,  then  the  specific  action  may 
again  come  into  play  and  a  temporary  glycosuria  again  result.  This 
condition  was  noticed  in  experiment  No.  II. 

In  some  of  tlie  experiments,  there  seems  to  have  been  a  visible 
change  in  the  hepatic  cells,  as  in  the  experiment  next  to  be  described, 
where  under  the  microscope  the  cell  bodies  appeared  us  if  collected 
into  small  granules  or  even  broken  down.  Again,  in  some  experi- 
ments, as  in  No.  V,  there  was  a  noticeable  pulpy  degeneration  of  the 
liver  cells. 

JE/X2)eriment    VIII, 

In  this  experiment,  the  uranium  salt  was  introduced  by  hypodermic 
injection.  0*23  gram  of  uranyl  nitrate  in  a  little  water  was  injected 
beneath  the  skin  of  the  leg  of  a  good-sized  rabbit,  on  June  2()th  at  4.0 
p.  M.  Two  (lays  after  he  showed  marked  weakness,  although  his 
appetite  remained  good.  On  the  following  day  he  appeared  quite 
dormant  and  could  be  roused  only  with  difficulty  ;  power  of  motion 
seemed  to  be  nearly  gone.  He  died  the  next  day  at  noon.  On  June 
21st,  the  day  following  the  administration  of  the  uranium,  GO  c.c.  of 
alkaline  urine  were  passed  containing  0*234  gram  of  albumin  and 
O'OOO  gram  of  sugar.  After  this,  there  was  complete  suppression  of 
urine  till  death. 

Post-mortoiu — Heart  had  stopped  in  diastole ;  lungs  normal.  The 
liver  was  mottled  and  congested  slightly  in  areas.     Under  the  micro- 
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scope,  sections  showed  the  cell  bodies  strongly  granulated,  with  theii 
outlines  mostly  clear,  but  in  places  broken  down. 

There  was  also  an  in61tration  of  pus  cells  around  the  blood  vessels. 
The  kidneys  were  normal  in  size  and  appearance,  with  non-adherent 
capsules.  Under  the  microscope,  however,  all  the  conditions  charac- 
teristic of  acute  parenchymatous  nephritis  were,  to  be  seen.  The 
epithelial  cells  of  the  malpighian  tufts  were  proliferated,  so  much  so 
as  to  compress  the  vessels.  Both  convoluted  and  straight  tubules 
had  their  cells  swollen,  granular  and  broken  down.  The  stroma  was 
normal.  Some  adipose  tissue  in  the  pelvis  of  the  kidney  was  infil- 
trated with  pus  cells.  There  was  also  considerable  detritus  between 
the  papillaB.  The  bladder  was  empty  and  contracted.  In  the  abdom- 
inal cavity  there  was  about  30  c.c.  of  a  coagulable,  clear  fluid.  The 
stomach  was  full  of  food,  the  intestines  empty.  No  faBces  in  colon 
and  rectum.  No  signs  of  congestion  in  the  alimentary  tract,  except 
in  the  rectum,  where  there  were  red  blotches  which  proved  to  be  the 
beginning  of  inflammation  and  infiltration  of  pus  cells.  The  animal 
appeared  to  have  died  from  suppression  of  urine. 

Experiment  IX, 

In  this  experiment,  one  large  dose  of  uranium  (1*0  gram  of  the 
nitrate)  was  given  by  mouth  on  June  27th,  at  4.30  p.  m.  On  July  5tb. 
the  animal  was  still  alive,  but  weak  and  emaciated.  There  were  no 
symptoms  other  than  those  already  described.  Owing  to  lack  of 
time  we  were  not  able  to  continue  the  experiment,  but  wishing  to  see 
any  changes  which  might  have  occurred  in  the  organs  the  animal  was 
chloroformed  and  a  post  mortem  made.  On  June  28th,  the  urine 
passed  contained  some  albumin,  but  no  sugar;  on  July  1st,  considera- 
ble albumin,  but  still  no  sugar. 

The  liver  was  found  to  be  small  but  not  congested.  The  cell  sub- 
stance, as  seen  under  the  microscope,  was  collected  into  small  gran- 
ules. Nuclei  and  nucleoli  were  quite  distinct.  Kidneys  had  non- 
adherent capsules,  but  they  were  congested  and  the  cortex  looked 
striated.  Under  the  microscopCj  the  epithelial  cells  of  the  glomeruli 
were  seen  to  be  swollen  and  proliferated.  In  the  convoluted  tubes, 
the  cells  were  slightly  swollen  and  granular  and  occasionally  broken 
down.  The  straight  tubes  were  also  broken  down  in  places  and  con- 
tained cast  matter.  The  stroma  was  normal.  Stomach  was  filled 
with  food,  while  the  intestines  were  entirely  empty.  Peyer's  patches 
NviTe  swollen  and  infiltrated  with  pus  cells.  The  cfecnm  was  par- 
tially filled  with  matter  and  the  end  of  it  looked  honey-combed.     It 
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proved  to  be  slightly  inflamed,  and  with  cells  infiltrated  into  it  more 
or  less.     Colon  and  rectum  were  empty. 

From  these  results,  collectively,  it  is  to  be  seen  that  uranium  is  an 
irritant  poison  and,  like  other  metallic  irritants,  produces  gastro-intes- 
tinal  irritation  of  more  or  less  intensity,  as  shown  by  the  acute  diar- 
rhcca  and  other  symptoms  met  with  in  this  form  of  poisoning.  In 
the  majority  of  cases,  the  action  of  the  uranium  salt  on  the  intestines 
results  in  a  simple  enteritis,  but  this  is  liable  to  pass  eventually  into 
acute  catarrhal  inflammation. 

As  ordinarily  administered,  it  is  not  in  any  sense  a  rapid  poison ; 
the  ingestion  of  a  fatal  dose  of  a  uranium  salt  is  not  followed  by  any 
noticeable  effects  for  some  time.  The  action  of  a  small  amount  (150 
milligrams)  is  apparently  as  rapid  and  pronounced  as  that  of  large 
quantities  (I  gram).  The  first  noticeable  symptom  in  rabbits  is  gen- 
eral weakness,  lack  of  motor  power,  loss  of  coordination  and  occa- 
sional temporary  paralysis  of  the  locomotor  muscles.  Introduced 
into  the  stomach  in  sufficient  amounts,  it  checks  digestion  and  even 
stops  it  altogether.  On  the  other  hand,  it  appears  to  increase  some- 
what proteid  metabolism  and  also  to  increase  the  elimination  of  car- 
bonic acid  and  raise  the  body  temperature.  Hence,  it  is  to  be  consid- 
ered as  having  a  direct  action  on  nutrition,  the  disturbance  of  which 
is  also  i)lainly  indicated  by  the  rapid  emaciation  which  follows  the 
administration  of  uranium. 

Its  most  marked  lesions  are  its  destructive  action  on  the  kidneys, 
and  its  destruction  of  the  kidney  tissue  itself.  It  causes  here  an  acute 
parenchymatous  nephritis  of  the  same  kind  as  found  in  arsenic,  mer- 
cury, and  phosphorus  poisoning.  Further,  the  quantity  of  albumin 
found  in  the  urine  shows  plainly  how  greatly  the  blood  vessels  are 
involved  in  the  inflammation.  The  albuminuria  produced  is  severe  and 
constant,  aTid  when  the  uranium  is  given  in  a  single  large  dose,  as  in  ex- 
periment No.  IX,  or  in  a  small  dose  by  hypodermic  injection,  as  in  ex- 
periment No.  VIII,  then  albumin  may  appear  in  the  urine  within  24 
hours.  The  uranium  must  have  some  specifically  destructive  action  on 
the  kidney  epithelium  cells,  causing  them  to  swell  and  break  down.  At 
first,  with  small  doses  of  uranium,  the  urine  is  decidedly  increased  in 
volume,  but  later  on,  when  toxic  action  is  more  pronounced,  there  may 
be  a  partial  or  even  complete  suppression  of  the  urine.  This  latter 
condition  is  naturally  more  quickly  produced  by  large  doses  of  ura- 
nium. In  several  cases,  suppression  of  urine  would  seem  to  have  been 
tiie  cause  of  death.  The  urine,  too,  in  a  short  time  after  the  admin- 
TiMNs.  Conn.  Acad.,  Vol.  VIII.  3  Nov.,  1888. 
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istration'of  uranium  contaiuH  more  or  less  sugar ;  as  a  rale  the 
j  I  does  not  make  its  appearance  until  after  the  albumin.     Salkows 

shown  that  mercury  will  also  cause  diabetes  in  rabbits,  but 
questionable  whether  it  is  as  constant  a  symptom  as  in  uranium 
oning.     It  is  also  stated  that  in  phosphorus  poisoning  the  urine 
times  contains  sugar.*     In  the  hypodermic  injection  of  uraniui 
periment  No.  VIII,  sugar  ap{»eared  in  the  rabbit's  urine  witl 
hours.    The  production  of  glycosuria  is  a  very  characteristic  syrr 
in  uranium  poisoning.     The  urine  also  contains  invariably  a 
amount  of  crystallized  calcium  oxalate,  which  would  also  point  1 
cided  malnutrition  and  hel[)  explain  the  marked  emaciation    so 
monly  seen. 

In  those  cases  where  the  poisoning  becomes  in  a  measure  cbi 
the  nervous  symptoms  sometimes  predominate,  as  shown  in  k 
sight  and  power  of  coordination. 


*  n.  r.  Wood.     rneraiK?uticM,  p.  110. 


Elastin  and  the  Elastose  Bodies.     By  R.  II.  Chittenden  and 

Horace  S.  Hart,  B.A.,  Pu.B. 

Elastin,  the  basis  of  the  so-called  elastic  tissue,  has  generally  been 
considered  one  of  the  most  indigestible  of  the  albuminoid  substances. 
In  fact,  the  older  writers  looked  on  it  as  almost  insoluble  in  the 
digestive  juices.  Recently,  however,  the  experiments  of  Etzinger,* 
Ilorbaczewskijf  and  Morochowetz,J  have  shown  that  both  the  ligameii" 
turn  nucJuM  of  the  ox  when  finely  divided,  and  purified  elastin  when 
powdered,  are  fairly  soluble  both  in  pepsin-hydrochloric  acid  and  in 
natural  gastric  juice,  as  Horbaczcwski's  observations  on  a  man  with 
stomach  fistula  have  fully  indicated. 

It  has  been  our  object,  therefore,  to  study  somewhat  in  detail  the 
primary  cleavage  products  of  elastin,  so  far  as  they  may  be  formed, 
making  use  of  the  methods^  which  have  yielded  such  fruitful  results 
with  many  of  the  proteid  bodies. 

Pfepnration  of  Elastin, 

As  usually  described,  elastin  is  a  body  free  from  sulphur,  insoluble 
in  water  even  after  several  days  boiling,  likewise  in  cold  dilute  alkali, 
acetic  acid,  dilute  hydrochloric  acid,  alcohol,  and  ether.  Naturally, 
therefore,  the  method  of  preparing  such  an  insoluble  body  has  con- 
sisted in  removing  from  a  tissue  rich  in  elastin,  all  extraneous  sub- 
stances by  successive  treatment  with  the  above-mentioned  reagents. 
In  fact,  so  vigorous  is  the  method  of  treatment,  as  usually  described, 
that  it  appears  almost  questionable  whether  a  body  belonging  to  a 
group  noted  for  ease  of  decomposition  might  not  suffer  some  change 
in  such  a  long  process  of  preparation. 

We  have  employed  two  methods,  the  first  one  of  which  is  practi- 
cally identical  with  that  followed  by  Horbaczewski.  The  neck  bands 
of  a  number  of  recently  killed  oxen  were  thoroughly  freed  from  all 
adhering  fat  and  muscle  and  then  chopped  quite  fine;  they  weighed 


*  Zoitsclirift  fur  Biologic,  Band  x,  p.  84. 

\  T'ol»tT  (las  Vcrhaltcn  des  elastins  bci  der  Pepsinverdanung,  Zeitschrift  fOr  phyaiol- 
ogis<Mio  (.'lioinie,  Band  vi,  p.  330. 

\  Ver(iaminjr.sgosetzo,  AbHtract  in  Jalircsbericht  fttr  Thiorchemie,  1886,  p.  271. 

g  Kulinc  and  Chittenden,  ZoitBchrift  fur  Biologie.  Band  xx,  xxii ;  also  Studies  from 
Laljoratory  of  Physiological  Chem.  Yalo  University,  vol.  ii. 
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2400  grams.  The  mass  was  boiled  for  four  days  in  water  freqi 
changed,  after  which  it  was  soaked  for  45  hours  in  &  litres  of 
cent,  potassium  hydroxide,  and  then  boiled  with  the  solution 
hours.  The  tissue  was  freed  from  alkali  by  thorough  washing 
water,  and  was  then  boiled  with  water,  frequently  changed,  f 
hours.  The  potassium  hydroxide  solution  on  neutralization,  g 
heavy  precipitate  slightly  soluble  in  excess  of  0*4  per  cent,  li 
chloric  acid,  easily  soluble  in  strong  acid.  The  addition  of  ac 
excess  caused  a  strong  odor  of  hydrogen  sulphide  to  be  given  o1 
Afler  boiling  the  tissue  a  second  time  with  water,  it  was  place 
litres  of  10  per  cent,  acetic  acid  and  warmed  for  an  hour  and  a 
after  which  it  was  allowed  to  stand  in  the  cold  for  16  hours.  I 
then  boiled  for  4  hours  in  the  same  acetic  acid  solution,  and 
wards  washed  thoroughly  with  water.  The  tissue  was  then  p 
in  10  litres  of  5  per  cent,  hydrochloric  acid  and  allowed  to  sos 
some  time  in  the  cold,  after  which  it  was  washed  in  running  ' 
and  macerated  in  water,  frequently  changed,  for  24  hours  to  tak 
all  traces  of  the  acid.  After  this  treatment,  the  tissue  was  I; 
with  successive  portions  of  water  for  about  45  hours,  when  ii 
placed  in  a  large  volume  of  95  per  cent,  alcohol  and  allowed  t 
main  for  several  days.  It  was  afterwards  boiled  in  alcohol  for  i 
15  hours  and  then  placed  in  an  excess  of  ether,  after  which  it  wj 
tracted  with  warm  ether  for  two  days. 


.r; 
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No. 


I 

II 

III 

IV 

V 

VI 
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stance 
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grain. 


found, 
^rani. 


0-4250    0-2745 
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0-5454       

0-4440       .... 

0-5125,     

0-2971 


Analysis  of  Elastin  A. 
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7-17  0-S3H1    53-77 
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Ash 
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0  0027 


Percentage  coinpositinu  of  ash-free  ftubstance  : 


c 

.54-26 

54-22 

H 

7-24 

7-30 

N 

. . 

- .  -  - 

0 
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The  tissue  on  being  freed  from  water  was  bard,  tougb,  and  difficult 
to  powder.  It  was  finally  ground  to  a  coarse  powder  and  then  re- 
extracted  with  warm  ether,  until  the  ether  on  evaporation  left  no 
appreciable  residue.  This  took  some  time,  for,  as  previously  pointed 
out  by  Horbaczewski,  there  apparently  remains  in  the  tissue  a  small 
amount  of  fat-like  matter,  which  dissolves  very  slowly  in  ether  and 
which  can  be  completely  extracted  only  by  first  grinding  the  purified 
tissue  as  fine  as  possible.  The  elastin  prepared  in  this  manner  we 
have  termed  for  convenience  Elastin  A, 

A  portion  of  the  preparation  dried  at  1 10®  C.  gave  on  analysis  the 
results  contained  in  the  accompanying  table.  The  methods  of 
analysis  were  the  same  as  those  previously  described  in  former 
articles  on  the  proteoses.*  By  fusion  with  potassium  hydroxide  and 
potassium  nitrate,  according  to  the  method  recommended  by  llam- 
marsten,!  no  sulphur  could  be  found.  Elastic  tissue,  however, 
unquestionably  contains  sulphur,  but  whether  it  exists  there  as  a 
constituent  part  of  the  elastin  molecule,  or  loosely  united  as  in  kera- 
tin, or  as  a  constituent  of  some  adhering  proteid  or  other  substance, 
it  is  difficult  to  say.  Certainly,  the  boiling  of  elastic  tissue  with  1 
per  cent,  potassium  hydroxide  for  several  hours  might  reasonably  be 
expected  to  remove  a  part  at  least  of  any  sulphur  which  might  be 
present,  and  if  by  this  process  sulphur  is  removed  from  the  tissue 
might  it  not  as  probably  come  from  the  elastin,  as  from  any  other 
proteid  substance?  Treatment  with  acid,  of  the  alkaline  solution 
obtained  in  the  preparation  of  A,  plainly  showed  the  presence  of 
hydrogen  sulphide  and  we  therefore  decided  in  the  preparation  of  the 
second  portion  of  elastin  to  omit  the  treatment  with  alkali.  Accord- 
ingly, 1700  grams  of  carefully  cleaned  neck  bands  from  oxen  were 
treated  in  the  same  manner  as  in  A,  except  that  the  alkali  was 
omitted,  and  in  its  place,  treatment  of  the  tissue  with  both  acetic  and 
hydrochloric  acid  was  repeated  twice.  In  subjecting  elastin  to  the 
action  of  5  per  cent,  hydrochloric  acid  care  must  be  taken,  before 
boilinuj  the  washed  tissue  with  water,  to  see  that  every  trace  of  acid 
is  removed,  otherwise  the  faintly  acid  water  formed  will  at  100°  C. 
i^ive  rise  to  a  partial  decomposition  of  the  elastin. 

After  thorough  extraction  of  the  powdered  elastin  with  ether,  a 
portion  dried  at  110°  C.  gave  by  analysis  the  results  shown  in  the 
following  table,  Elastin  B, 


*  Seo  Zoitschrift  fiir  Biologie,  Band  xx,  p.  11,  and  Amer.  Chem.  Jour.,  vol.  vi,  p.  3. 
f  Zeitschrift  fiir  ph3'8iologische  Cheniic,  Band  ix,  p.  21)8. 
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Analysis  of  Elastin  B. 


'    Sub- 
Btanco 
No.      used, 
gram. 


H,0 

found, 
gram. 


H 

% 


CO., 
found, 
gram. 


N  found. 


C 


c,  c. 


I  0-5883  ;  0-8744 

n  0-4374    0-2a')l 

III  0-3836 

IV  0-4821 


V 

VI 

VII 

VIII 


0-9095 
0-7a54 
0-4235 
0-4583 


C 
H 

N 
S 

o 


7-13  1-158158-90.... 

7-24  0-8658 53-94'.... 
--.J54-1 
....  66-8 


T. 


Pres- 
sure, 
mm. 


N 


BaSO*  after 

fusion  with 

KOH  +  KNOa 

gram. 


11 -0  754-816-911 
11-7  760-416-69 


0-0170 
0-0208 


Percentage  composition  of  ash-free  substance : 


54-06 
7-15 


54-10 
7-26 


16-96        16-75 


0-84 


0-29 


S 


Ash 
found, 
gram. 


Ash 


0-25 
0-86 


00015 
00013 


0-85 
0-28 


Average. 
54'08 

7-20 
16-85 

0-30 
SI' 57 

lOO'OO 


Comparison  of  the  two  products  shows  a  fairly  close  agreement  in 
composition.  In  B,  however,  the  carbon  is  slightly  lower  and  the 
nitrogen  a  trifle  higher  than  in  A,  Further,  Elastin  B  contains  0*3 
per  cent,  of  sulphur,  as  determined  by  the  modified  Liebig's  process.* 
Mailer  originally  reported  elastin,  purified,  however,  by  the  use  of  an 
alkali,  as  containing  0*08  per  cent,  of  sulphur,  but  this  he  considered 
merely  as  an  impurity. 

Morochowelz,  who  appears  to  have  made  a  hydration  product  of 
elastin  by  the  simple  action  of  heat  and  water,  states  that  it  contains 
0-617  per  cent,  of  sulphur,  but  the  details  of  his  process  we  do  not 
know.f  If  the  figures  are  correct,  his  elastin  must  have  probably  con- 
tained double  the  percentage  of  sulphur  present  in  elastin  J5. 
Whether  pure  elastin  does  contain  sulphur,  or  whether  the  0*3  per 
cent,  present  in  preparation  B  is  simply  a  constituent  of  some  adhering 
proteid,  removable  by  alkali,  we  are  not  at  present  prepared  to  say, 
but  deem  it  probable  that  elastin  does  contain  a  small  amount  of 
sulphur. 


*  Sec  ytiidies  from  Laboratory  of  Physiological  Cliomistry,  Yalo  University,  vol.  ii,  p. 
1G3. 
f  \Vc  have  seen  only  an  abstract  in  Jahresbericht  fiir  Tliierchemie  fiir  1886,  p.  271. 
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Elastin  A^  prepared  by  the  usual  process,  shows  a  close  agreement 
in  composition  with  Horbaczew ski's  product,  but  is  quite  different 
from  the  product  obtained  by  Mtlller  and  Tilanus,  as  seen  from  the 
following  table. 

EUistin  A.     Horhaczi^Dski.        Muiler*  Tilanus* 


C        54-24  54-32  5509-55-72  54-90-55-65 

H         7-27  6-99  7-1 1-7-67  7-25-7-41 

N        16-70  16-75  15-71-16-52  17-52-17-74 

The  liigher  content  of  carbon  in  the  preparations  of  Mtlller  and 
Tilanus  are  doubtless  due  to  the  presence  of  more  or  less  fat,  not 
completely  extracted  by  ether. 


Decomposition  of  Elastin  by  acid  water  at  100"  C. 

On  heating  moist  elastin  with  water  containing  a  trace  of  hydro- 
chloric acid,  for  some  hours  at  or  near  100°  C.  it  soon  commences  to 
swell,  and  after  a  time  becomes  converted  into  a  semi-gelatinous 
mass,  a  ])ortion  of  which,  as  the  boiling  continues,  becomes  soluble  and 
passes  into  the  acid  fluid.  The  liquid  gives  no  reaction  with  tannic 
acid  for  gelatin,  but  does  give  a  strong  biuret  reaction  and  yields  a 
heavy  turbidity  when  excess  of  strong  potassium  hydroxide  is  added 
to  the  solution.  Evidently,  under  these  conditions,  some  soluble 
cleavage  product  or  products  are  formed,  percipitable  by  excess  of 
caustic  alkali. 

These  products  we  prepared  in  quantity  by  taking  a  portion  of  elas- 
tin /I,  soaking  it  for  some  time  in  5  per  cent,  hydrochloric  acid,  until 
the  softened  elastin  was  thoroughly  impregnated  with  the  acid,  then 
washing  out  the  excess  of  acid  by  soaking  it  for  20  hours  in  a  large 
volume  of  water.  The  elastin,  still  quite  strongly  acid  to  test  papers, 
was  then  boiled  in  water  for  about  10  hours,  when  the  acid  liquid 
was  strained  off  from  the  gelatinous  elastin.  The  boiling  was  then 
continued  with  a  fresh  volume  of  water,  the  gelatinous  mass  still 
containing  sufficient  acid  to  render  the  whole  fluid  distinctly  acid 
to  test  papers.  Triis  i)rocess  was  repeated  until  the  elastin  had 
been  heated  for  45  hours  with  water  gradually  containing  less 
and  less  acid,  until  finally  the  elastin  remaining  had  entirely  lost 
its  former  gelatinous  appearance  and  taken  on  its  original  look. 
All   of   the   acid    fluids   were    united   and  concentrated  somewhat, 


Gorup-Besunez,  Physiologischc  Cheniie,  Dritte  Auflage,  p.  148 
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then    neiitra1i7AMl    with    sodium    carbonate.     No  neiitralizatioi 

cipitale  was  oUsurved.     }iy  further  evaporation  of  the  neutrn 

[■  on  a  water-hath,  a  gummy  mass   separated  on   the  bottom  < 

i  w  disi).     It  was  quite  tenacious,  something  like  rubber,  soluble  i 

water,  but  not  so  readily  in  hot.      The  cold  water  solution   i 
gummy  mass,  and  the  mother-liquor  showed  the  following  reac 

1 .  Heattni  in  a  test-tube,  the  solution  quickly  became  turbid,  giving  i 
if  ooncentrat^nl,  a  sticky  precipitate.  The  turbidity,  however,  iinine< 
(lisapiKjared  as  the  fluid  cooled,  returning  again  when  heat  was  s 
an<l  (lisap]>earing  when  cold.  When  the  solution  was  so  concentrate 
yiehl  a  heavy  precipitate  by  heat,  it  naturally  dissolved  more  slowly 

2.  Witli  cliloroplatinic  acid,  a  heavy  yellow  precipitate  was  U 
readily  soluble  in  alcohol. 

3.  Heated  with  acetic  acid  there  was  no  change,  but  add^ion  of 
Hium  ferrocyanide  to  the  acid  fluid  caused  a  heavy  precipitate. 

4.  Millon's  reagent  gave  a  strong  reaction  similar  to  the  albumin  rei 

5.  Strong  jH^tassium  hydroxide  gave  a  fine  flocculent  precipitate,  ini 
in  excess  of  the  alkali. 

«.  Pure  dilute  nitric  acid  gave  a  heavy  precipitate,  only  slowly  soli 
excess  of  the  acid.  Heated,  it  yielded  a  clear  yellow  fluid  and  with  i 
*  I.J  nia  gave  the  orange  yellow  color  of  the  xanthoprotein  reaction. 

7.  Pure  dilute  hydrochloric  acid  yielded  a  slight  precipitate,  soli 
large  excess. 

H.  Saturation  of  the  solution  with  ammonium  sulphate  gave  a 
gummy  precipitate. 


if 


I  i> 

il  ■■!. 

■•;r 


I 

i   .1 


■  ;  'i'  ■ 


■'i.: 


.4 

■    jli  Tlic  i^iimmy  mass  and   the  original   filtrate  giving  approxin 
the  same  reactions,  tlie  solution  of  the  former  was  united   wit 

latter,  the  fluid  made  slightly  acid  with  acetic  acid  and   then 
Jllj  rated  ii]  the  cold  with  aniinoniuni  sulphate.      The  saturated  flu 

hein*^  boiled,  gave  a  second  gummy  precipitate  which  was  adc 

the  first. 

From  analogy  with  the  reactions  of  tiie  proteoses,  ammoniui 

phate  shoidd  |)recipitato  any  elastose  bodies  formed,  leaving  in 

tion  the   true  ]»e])tone.     The  precipitates  formed  in    the   mann 
:'  'i  scribed  were  washed  by  beinix  rubbed  up  in  a  mortar  with   hot 

rated  annnoniuni  sulphate  solution,  and  the  washings   added    t 

filtrate.     A  portion  of   the   ammonium   sulphate   was   then   ren 
i;  .  from  the  solution  by  concentration  and  crystallization,  and  tl 

f  maindcr    by   dialysis    in    ruiuiing    water.     On    testing   the-  sol 

for  ])eptoii(\  however,  none  could  be  found;  the  biuret  test  fai 
[  <j:ivc  anv  reaction,  as  did  also  })hosphotungstic  acid. 


I" 


I    • 
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Protoelaatose. 

The  ammonium  sulpliate  precipitate  of  elastoses,  after  being  washed 
as  described  above,  was  dissolved  in  water,  the  solution  made  quite 
neutral  by  addition  of  a  little  sodium  carbonate  and  then  saturated 
with  crystals  of  rock  salt.  A  heavy  gummy  precipitate  resulted, 
which  by  analogy  should  consist  of  what  we  may  call  protoelastose. 

This  precipitate,  after  being  washed  with  saturated  salt  solution, 
was  dissolved  in  water  and  reprecipitated  by  salt,  this  process  being 
repeated  three  times.  The  final  sodium  chloride  precipitate  was  dis- 
solved in  water,  dialyzed  until  all  chlorine  was  removed  from 
the  solution,  concentrated  and  precipitated  with  95  per  cent,  alcohol. 
Apparently,  only  a  portion  of  the  substance  was  precipitated  by 
alcohol,  so  the  alcoholic  filtrate  was  evaporated  and  the  residue  care- 
fully dried.  Further  examination,  however,  showed  that  both  pro- 
ducts were  identical,  alcohol  simply  precipitating  a  portion  of  the 
substance. 

After  being  dried  at  110°  C.  until  of  constant  weight,  having  then 
the  form  of  a  brown  powder,  both  products  were  analyzed  with  the 
results  shown  in  the  accompanying  tables. 

Analysis  of  Protoelastose  (A1)  Precipitated  by  Alcohol. 


VT       Stance  ,   -        , 
-^''-      used.      '"""-l 


^ram. 


I  0-6Hr)2 
III  0-3926 

III  0-5400 

IV  0-38«3 
V   0-7048 

VI  0-5362 


gram. 


0-4271 
0-2437 


n 


6-92 
6-89 


N  found. 

CO, 

C 

—  —     .       _ 

found. 

rn        Pres- 

grain. 

/♦ 

c.  c. 

^0. 

sure. 

mm. 

1-3190 

52-49 

0-7526 

52-27 

•  «>  •  • 

*aMM                     ««*• 





72-9 

18-7 

759-4 

51-9  •■  15-4    762-9 


N 
ft 

Ash 

found. 

Ash 

/* 

gram. 

% 





16-13 

15-95 

«  —  «  «• 

.. 

.  -  _  _ 

0-0269 

3-67 



0-0202 

3-76 

Percentage  composition  of  ash-free  substance. 


c 

54-51 

54-28 

H 

7-19 

7-16 

N 

-  *  •  . 

w  •■  b  . 

C) 

16-75 


16-56 


Average. 

5 4' 39 

7-17 

lCr66 

21'7i) 


100'(H) 
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Analysis  op  Protoklastose  (Al)  from  the  Alcoholic  Filtrate. 


Sub- 
stance 

used, 
gram. 

HaO 

CDs 

N  found. 

N 

Ash 

No. 

found,  i    H 
gram.        % 

found, 
gram. 

c 

\^»      \^» 

Pres- 
T.     1  sure. 

^-       mm. 

1 

found, 
gram. 

Ash 

I 

0-4936 

0-8113    7-00 

0-9626 

53-18 

II 

0-4096 

0-2592    708 

0-8079 

58-78 

•      B      ^      • 



www* 

.... 

! 

III 

0-4588 

.  •  • . 

.... 

w    «•     •    « 

•    *    w    > 

63-2 

18-4 

759-8 

16-49 

•    .   «.   .                   ~   — 

IV 

0-4267 

.-  -« 

.... 

«  «  «  « 

*   *   w   •• 

62-5 

21-6 

760-8    17-06 



V 

0-3655  1    .... 

. . « . 

»     M     «    « 

w  «■    •    « 

w  «  w  •• 

•  •    w   « 



0-0054   1-47 

VI 

0-5096 







»    «    M    W 



0-0075 

1-47 

Percentage  composition  of  ash-free  substance. 


C 
H 

N 
O 


53-96 
7-11 


54-58 
713 


16-73 


17-81 


Average. 

54"27 

7-12 

17-02 

21-59 

100  00 


The  reactions  of  the  two  preparations  were  identical  and  were  as 
follows;  both  were  readily  soluble  in  cold  water,  but  only  slightly 
soluble  in  hot  water ;  in  neutral  solution,  heat  produced  a  turbidity 
which  disappeared  on  cooling;  the  concentrated  mineral  acids  gave 
precipitates  soluble  in  excess ;  phosphotungstic  acid,  picric  acid,  tan- 
nic acid,  30  per  cent,  acetic  acid  saturated  with  salt,  acetic  acid  and 
potassium  ferrocyanide,  and  alcohol  all  produced  precipitates;  mer- 
curic chloride  and  mercuric  nitrate  gave  precipitates  insoluble  in 
excess;  lead  acetate  and  cupric  sulphate  both  failed  to  give  any 
precipitate ;  potassium  mercuric  iodide  produced  a  precipitate  in  a 
hydrochloric  acid  solution ;  sodium  carbonate  and  sodium  hydroxide 
gave  heavy  precipitates  and  both  the  biuret  and  xanthoprotein  test 
gave  positive  results.  Further,  the  elastose  is  but  slightly,  if  at  all, 
diffusible.  Long  continued  concentration  of  an  aqueous  solution 
leads  to  a  separation  of  more  or  less  of  the  substance  as  a  gummy 
mass. 

In  composition,  the  protoelastose  formed  by  action  of  the  dilute 
acid  and  heat  is  almost  identical  with  that  of  elastin  itself. 

Moroohowetz,*  in  a  recent  paper  on  the  laws  of  digestion,  states 
that  elastin  by  the  action  of  heat  and  water  passes  into  a  new  form. 


*Loc.  cit 
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elastose,  which  by  further  action  passes  into  peptone.  The  elastose 
is  described  as  a  body  completely  soluble  in  water,  not  precipitable 
by  mineral  or  acetic  acids,  but  its  solution  is  rendered  turbid  by  heat. 
In  its  other  reactions  it  resembles  albumin.  In  composition,  how- 
ever, it  differs  decidedly  from  elastin  and  equally  from  our  protoelas- 
tose.  Morochowetz  ascribes  to  it  55*9  per  cent,  carbon,  7*29  per  cent, 
hydrogen,  16*68  per  cent,  nitrogen  and  0*617  per  cent,  sulphur.  As 
to  the  method  employed  in  its  preparation  apd  purification  we  do 
not  know,  but  as  described  it  evidently  is  not  akin  to  pure  elastose. 

Deuteroelastose. 

In  the  salt-saturated  filtrate  from  the  first  sodium  chloride  precipi- 
tate of  protoelastose,  there  was  present  a  substance  precipitable  as  a 
gummy  mass,  by  the  addition  of  a  little  30  per  cent,  acetic  acid  sat- 
urated with  salt.  Past  experience  with  other  proteoses  has  nhown 
that,  as  a  rule,  all  of  the  proto  body  is  not  precipitated  by  saturation 
of  its  neutral  solution  with  salt,  but  that  there  usually  remains  a  certain 
amount  which  on  addition  of  salt-saturated  acetic  acid  is  precipitated, 
together  with  more  or  less  of  the  deutero  body,  and  that  from  this 
filtrate  pure  deutero  can  be  separated  by  saturation  with  ammonium 
sulphate.  In  the  present  instance,  however,  it  appeared  that  the 
acetic  acid  precipitate  was  of  quite  a  different  nature  from  the  sodium 
chloride  precipitate  and  that  if  it  was  not  pure  deuteroelastose,  it  at 
least  contained  only  a  trace  of  the  proto  body.  Further,  saturation 
of  the  acetic  acid  filtrate  with  ammonium  sulphate  gave  only  a  slight 
precipitate,  even  when  the  mixture  was  heated,  showing  that  if  the 
salt-saturated  acetic  acid  had  not  precipitated  the  deuteroelastose, 
little  could  have  been  formed. 

The  gummy  precipitate  separated  by  acetic  acid  and  salt  was 
purified  somewhat  by  solution  in  water,  and  reprecipitation  by  satura- 
tion with  salt  and  addition  of  a  little  salt-saturated  acetic  acid.  It 
was  then  dissolved  in  water,  made  exactly  neutral  to  test  papers,  and 
dialyzed  until  all  chlorine  was  removed  from  the  solution.  The 
filtered  fluid  was  then  evaporated  to  dryness  on  a  water-bath,  and  the 
powdered  residue  dried  at  110°  C.  until  of  constant  weight. 

The  composition  of  the  substance  is  shown  in  the  accompanying 
table,  from  which  it  is  seen  that  the  deutero  body  contains  a  notice- 
ably smaller  percentage  of  carbon  than  protoelastose,  and  a  corres- 
pondingly higher  content  of  oxygen.  The  difference  between  the 
sodium  chloride  precipitate  and  the  acetic  acid  precipitate,  however, 
becomes  far  more  marked  when  the  reactions  of  the  two  bodies  are 
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compared.  DeateroelaBtose  was  readily  soluble  both  in  cold  a 
water,  and  on  heating  a  cold  saturated  solution  only  a  slight  tui 
was  seen  which,  as  in  the  proto  reaction,  disappeared  when  th 
tion  cooled.  This  turbidity  was  no  doubt  due  to  the  presenc 
small  amount  of  protoelastose,  for  later  on  we  obtained  a  pure 
tero  body  having  nearly  all  of  the  reactions  of  the  present  prepa 
in  which,  however,  the  heat  reaction  was  absent. 

Analysis  of  Deuteroelastose.    A  1. 
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The  (leiitcro  body,  likewise,  gave  no  precipitate  whatever 
the  c.oncont rated  niiiioral  aci<ls,  nor  with  acetic  acid  and  pota 
fiMTocyanide.  Alcohol  j^ave  no  ])recipitate  and  salt-saturated  ' 
cent,  acetic  \w'u\^  when  added  to  an  aqueous  solution  of  the  subs 
also  gave  no  precipitate. 

Ferric  chloride  i^ave  a  slight  turbidity,  but  no  precipitate, 
the  other  reacti(nis  of  proto<*lastose,  the  deutero  body  showed 
agreement.  Pure  deuteroelastose,  formed  later  on  by  the  act 
pepsin-liydmcliloric  acid,  gave  no  precipitate  whatever  with  cc 
trated  ]K)tassium  hydroxide.  This  reaction,  which  is  quite  char 
istic  of  ]>r()toelastose,  was  fairly  distinct  in  the  deutero  bod^j 
described,  wliicli  fact,  coupled  with  the  turbidity  produced  by 
may  be  considered  good  evidence  that  the  deuteroelastose  wa 
perfectly  pure. 


1 1. 


I  I 


■J: 
,1   '• 
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Diffestion  of  elastin  by  j^epsin-hydrochloric  acid. 

An  artificial  gastric  juice,  free  from  both  albumose  and  peptone, 
was  prepared  as  follows ;  the  cardiac  portions  from  the  mucous  mem- 
branes of  ten  pigs'  stomachs  (820  grams)  were  placed  in  three  litres 
of  0*4  per  cent,  hydrocliloric  acid  and  warmed  at  40°  C.  for  two 
weeks.  The  clear  fluid  filtered  from  the  small  residue  of  nuclein,  an- 
tialbumid,  etc.,  was  then  saturated  with  ammonium  sulphate  to  pre- 
cipitate the  pepsin.  This  was  filtered  off,  washed  with  saturated 
ammonium  sulphate  solution  to  remove  any  adherent  peptone,  dis- 
solved in  two  litres  of  0*2  per  cent,  hydrochloric  acid  and  dialyzed 
until  the  sulphate  was  entirely  removed.  The  resultant  solution 
was  mixed  with  an  equal  volume  of  0*4  per  cent,  hydrochloric  acid, 
making  a  pure  and  active  pepsin-acid  mixture. 

In  the  fii*st  digestion  of  elastin,  160  grams  of  powdered  elastin  ^1, 
1500  c.c.  of  the  pepsin-acid  mixture,  and  an  equal  volume  of  0*4  per 
cent,  hydrochloric  acid,  were  warmed  at  40°  C.  for  75  hours.  At  the 
end  of  this  time  the  elastin  was  almost  entirely  dissolved.  The  acid 
fluid  was  filtered  from  the  small  residue  remaining,  and  neutralized 
with  potassium  hydroxide,  without  giving  any  neutralization  precipi- 
tate. The  reactions  of  the  fluid  showed  plainly  the  presence  of  elas- 
toses  similar  to  those  formed  by  the  action  of  acid.  Saturation  of 
the  fluid  with  ammonium  sulphate  gave  a  heavy  gummy  precipitate, 
in  the  filtrate  from  which,  nothing  having  the  reactions  of  peptone 
could  be  discovered. 

Protoelastose, 

The  ammonium  sulphate  precipitate  was  dissolved  in  water  and  the 
neutral  fluid  saturated  with  sodium  chloride,  by  which  a  heavy  gummy 
precipitate  was  formed,  having  all  of  the  reactions  described  as  char- 
acteristic of  protoelastose.  The  product  was  purified  by  several  re- 
precipitations  with  salt,  then  dialyzed  and  the  solution  evaporated  to 
dryness  on  a  water-bath,  the  residue  powdered  and  dried  at  110°  C. 
until  of  constant  weight. 

The  com[)Osition  of  the  substance  (protoelastose  A  2)  is  sliown  in 
the  accompanying  table. 

In  reactions,  the  product  agrees  exactly  with  the  protoelastose 
already  described,  being  precipitated  by  the  concentrated  mineral 
acids,  by  acetic  acid  and  potassium  ferrocyanide,  by  30  per  cent, 
acetic  acid  and  sodium  chloride,  by  strong  potassium  and  sodium 
hydroxide  as  well  as  by  sodium  carbonate.  Its  aqueous  solution, 
likewise,  shows  the  peculiar  action  towards  heat,  already  described; 


30        Cfiittemlen  and  Hart — ElttMm  and  the  Elatttose  JBodie^ 

becoming  turbid  when  heated,  clear  again  as  the  solution  cools 
product  also  gives  the  other  reactions  common  to  both  proi 
deuteroelastose. 

Analysis  op  Protoelastose.    A  2. 


No. 


Sub. 

U8<mI.* 

pram. 


found, 
gram. 


H 


N  found. 


00,     , 

found, 
gram. 


C 


I 


I  T. 

c.  c      o 


1  0-4007    0-2880    694    0-9103  !  53-88 


II  0-4952  0-8079 

III  0-554fi  .... 

IV  0-3109  ... 
V  0-4(M)3  .... 

VI  0-5303  .... 


6-90    0-9768  j  58.76 


C. 


Pres- 
sure 
mm. 


N 


Ash 
found 
gram 


76-2    13-9  !  759-4 

45-8    210    754-8 


16-41 , 
17  06' 


0006 
0007; 


Percentage  comjyosition  of  ash-free  substance. 


c 

.i4-58 

54-46 

u 

7-03 

6-99 

IN 

o 

16-64 


17-29 


Averag 

7-01 
16-96 

srsi 

lOO'OO 


'i  I'i  -'I 
:  .ai.i" 


';  Oiiiii 
=  r-  ..." 

!  -li  .'= 

'  ji 

■•    I     ' 
.1    i-i-.i. 

■•  .    I 


■  I 


This  Ixxly,  which  wc  prefer  to  call  protoelastose,  is  apparently 
ticiil  in  composition  and  reactions  with  the  hetnielastin  previouf 
scribed  by  Ilorbaczewski,*  and  Hei)arated  by  him  from  a  pepsi 
digestion  of  clastin,  by  a  method  somewhat  similar  to  the  or 
ployed  by  us. 

At  first  glance,  it  wouM  apj)ear  from  Ilorbaczewski's  metl 
separati<>n,  that  his  hemielastin  would  consist  of  a  mixture  of 
and  ilciiteroflastose,  instead  of  being  identical  with  the  proto 
Hut  the  fact  that  he  stromjly  achlijied  his  digestive  mixture 
acetic  acid,  prior  to  saturating  it  with  salt,  explains  the  ra 
Deuteroclastosc,  which  is  precipitable  from  a  salt-saturated  so 
by  a  little  acetic  acid,  is  more  or  less  soluble  when  excess  of  tli 
is  addoil,  an<l  hence  by  acidifying  the  mixture  sufficiently,  the  di 
nii^lit  remain  dissolved  while  the  proto  would  be  precipitat 
salt  from  an  acid  solution,  e(|ually  as  well  as  from  a  neutral  flui 

*  UflMT  das   Vi'rb;ill<'!i  des  Klustins   bci   der  Pepsinvordauung.      Zeitsclii 

j)liysi<)l()jriscli(»  ClnMiiii'.  Dand  vi.  p.  iJiW). 


'.f    '  • 
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Deuteroelastose, 

In  the  salt-saturated  filtrates  from  protoelastose,  deutoro  was  sepa- 
rated as  a  gummy,  sticky  precipitate  by  addition  of  a  little  30  per 
cent,  salt-saturated  acetic  acid.  It  was  purified  by  reprecipitation 
and  dialysis,  and  the  final  neutral  solution  was  evaporated  to  dryness 
and  the  residue  dried  at  110**  C.  until  of  constant  weight.  The 
amount  was  small  and  only  the  nitrogen  was  determined,  16*88  per 
cent. 

In  reactions,  the  body  closely  resembled  the  deutero  already  de- 
scribed ;  its  aqueous  solution  giving  no  precipitate  or  turbidity  what- 
ever on  the  application  of  heat,  no  precipitate  with  alcohol,  or  with 
strong  potassium  hydroxide  solution.  It  was  likewise  not  precipi- 
tated by  acetic  acid  and  potassium  ferrocyanide,  by  the  concentrated 
or  dilute  mineral  acids,  nor  by  30  per  cent,  acetic  acid.  In  reactions, 
the  body  resembles  the  elastin  peptone  of  Horbaczewski,  like  it  being 
soluble  in  cold  and  warm  water  and  dilute  alcohol,  and  giving  the 
same  precipitations  with  phosphotungstic  acid,  picric  acid,  tannic 
acid,  and  with  potassium  mercuric  iodide.  It  also  gives  the  biuret 
and  xanthoprotein  reaction.     It  diffuses  slowly. 

With  our  present  knowledge  regarding  peptones  and  proteoses, 
this  body  can  hardly  be  considered  as  belonging  to  the  former  class, 
since  it  is  precipitable  both  by  ammonium  sulphate,  and  by  acetic 
acid  when  added  to  a  salt-saturated  solution ;  reactions  not  common 
to  true  peptones. 

A  second  digestion  of  elastin  A  was  made  with  the  same  quantities 
of  pepsin-hydrochloric  acid,  and  the  same  amount  of  powdered  elastin, 
as  in  the  first  digestion.  The  products  formed  were  separated  in  the 
same  manner  as  the  preceding,  the  elastoses  being  first  precipitated 
collectively  by  saturation  of  the  digestive  fluid  with  ammonium  sul- 
phate. 

On  boiling  the  filtrate  from  this  ammonium  sulphate  precipitate,  a 
second  gummy  mass  separated.  This  was  collected  on  a  cloth  filter 
and  washed  with  saturated  ammonium  sulphate  solution.  In  the  fil- 
trate from  this  precipitate,  no  peptone  could  be  detected.  This 
second  ammonium  sulphate  precipitate  was  purified  by  dialysis,  etc., 
and  the  final  solution  evaporated  to  dryness  and  the  substance  dried 
at  110°  C.  Its  composition  is  shown  in  the  accompanying  table, 
from  which  it  is  seen  to  be  nearly  identical  with  that  of  protoelastose. 
The  reactions,  however,  indicate  that  it  is  a  mixture  of  the  two  elas- 
toses. Thus,  while  the  concentrated  mineral  acids  and  potassium 
hydroxide  give  no  precipitate,  acetic  acid  and  potassium  ferrocyanide 
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produce  a  uoticeable  turbidity,  as  does  also  alcohol,  and  acetic  acid 
and  sodium  chloride.  Moreover,  the  aqueous  solution  becomes  some- 
what clouded  on  heating,  clearing  up  again  as  the  solution  cools. 
Hence,  the  reactions  would  indicate  a  preponderance  of  deuteroelas- 
tose,  while  the  composition  points  to  an  excess  of  the  proto  body. 

Analysis  of  the  Second  Awuionium  Sulphate  Precipitate. 


No 


Sub- 
stance 
used, 
gram. 


H,0 
found, 
gram. 


1  0-4783 
II  0-3781 

III  0-4100 

IV  0-3963 
V  0-4750 

Vli  0-5016 


COa 
found, 
gram. 


0 

% 


0-9404    53-61 
0-7405  i  53-40 


Ash 
found.  '  Ash 
gram.       ^ 


14-2 
22-6 


758-0  ,  16-76 
753-9  I  16'72 


0-0048 
00054 


1-00 
1-07 


C 
H 

N 
O 


Percentage  composition  of  ash-free  substance. 

Average. 
54-14  53-93  ....  ....  64'03 

7-30  7-22  7'£6 

16-92     16-89     16-90 
2!2'8I 


100-00 


We  must  conclude,  then,  that  this  second  gummy  precipitate  is  sim- 
ply a  residue  of  the  mixed  elastoses  not  at  first  precipitated,  perhaps 
from  a  lack  of  complete  saturation  with  ammonium  sulphate.  Past 
experience,  however,  has  shown  that  deuteroproteose  is  not  as  quickly 
or  completely  precipitated  with  ammonium  sulphate  as  the  other 
proteoses. 

From  the  first  ammonium  sulphate  precipitate,  a  large  amount  of 
protoelastose  (A  3)  was  separated,  liaving  all  of  the  reactions  charac- 
teristic of  this  body,  and  the  composition,  when  dried  at  110°  C, 
shown  in  the  accompanying  table. 

A  larger  amount  of  deuteroelastose  was  separated  from  this  diges- 
tion than  in  the  preceding  one,  and  after  purification  by  the  use  of 
methods  already  described,  a  portion  was  dried  at  1 10°  C.  for  analy- 
sis. Its  composition  is  shown  in  the  accompanying  table.  Like  the 
deuteroelastose  formed  by  dilute  hydrochloric  acid,  it  contains  a 
lower  percentage  of  carbon  than  elastin  or  the  proto  body,  while  its 
content  of  nitrogen  is  higher  than  that  of  elastin.  Its  reactiojift  were 
the  same  as  the  deiitero  previously  obtained. 


/ 
\ 
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Deuteroelastosc  appears  to  be  the  same  as  the  elastin  peptone  of 
Ilorbaczewski,  as  already  meiitioDed;  and  the  composition  of  the 
present  product  resembles  it,  in  that  it  contains  a  similar  percentage 
of  carbon,  but  is  unlike  it  in  containing  one  per  cent,  more  nitrogen. 


Analysis  of  Protoelastose.    A  3. 


No  I 


Sub- 
Btaikce 
used, 
gram. 


found, 
gram. 


CO, 
found. 


I  0-2990  .  01906 
II  0-4383    0-2750 

III  0-3938     

IV  0-3233 
V  0-5562 

VI  0-4866 


N  found. 


C 


53-27 
58-54 


Pres- 

c. c. 

T. 

o   rt 

sure 

c. 

mm. 

57-1 

19-8 

760-8 

47-1 

21-6 

757-2 

— 

— 

-  - .- 

Ash 
found,    -^sh 


16-99 
16-89 


Percentage  composition  of  ash-free  substance. 

Average. 
54-37  ....  ....  54*^ 

7-08  7-13 

17-26            1716  17.21 
21-39 


c 

54-08 

H 

7-19 

N 

«  -  *  • 

O 

lOO'OO 


Analysis  of  Deuteroelastose.    A  3. 


No. 


Sub- 
stance 

used, 
gram. 


found, 
gram. 


F{ 

% 


found, 
gram. 


C 


I  0-5067    0-3125    6*85    0-9681 
U  0-6021  I  0-3752    6-92    M587 
nil  0-4550    0-2705  i  6-60    0-8685 
IV  0-6886  1   


V 

VI 

VII 


0-3570 
0-6638 

0-7748 


52-10 
52-47 
52-05 


N  foimd. 

i             Prcs- 

T 

N 

Ash 
found 

**  c. 

sure 
mm. 

% 

gram. 

... 

«  *  M 

- . .  • 

.... 





.... 



; 

Ash 


% 


96-3    18-8    759-4    16-70 


51-4    22-4    754-0 


16-58     .... 
....    0-0201 
....   ,0-0247 


3-02 
2-91 


C 
H 
N 

O 


Percentage  composition  of  ash-free  substance. 

Average. 
53-68        54-07        53-63  53'79 

7-06  7-13  6-60  6-99 

17-21        17-31        17-26 

21-96 


Trans.  Cons.  Acad.,  Vol.  VIII. 


100-00 

Nov.,  1888. 
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llorbaczew ski's  elastin  peptone  is  described  as  not  giving  a  p 
tate  with  acetic  acid  and  neutral  salt.  Deuteroelastose,  lik 
gives  no  precipitate  with  acetic  acid  and  salt,  except  when  th< 
tion  is  saturated  or  nearly  saturated  with  the  salt. 

Another  preparation  of  deuteroelastose  was  separated  f 
pepsin-hydrochloric  acid  digestion  of  elastin  B.  Its  ohemica 
position  is  shown  in  the  accompanying  table,  from  which  it  ; 
to  diflfisr  somewhat  from  deutero  A,  but  like  it  has  a  lower  cent 
carbon  than  the  proto  body. 


Analysis  op  Deuteroelastose  B. 


■iill 


No. 


I 

II 

III 

IV 

V 

VI 


Sub-  IlaO 

stance  i  found. 

used.  I  gram, 
jrram. 


H 
% 


CO., 
found, 
gram. 


N  found 


G 


0-5919  0-3560  6'68  10934 
0-4201  '  0-2572  6-80  0-7796 
0-4852 
0-4719 

0-7960  ■    ....    

0-5882      ....      .... 


50-87 
50-60 


I. 

As 

Pres- 

N 

four 

sure 

% 

grai 

mm. 



■ 

756-8 

15-91 

754-2 

1611 

.-. 

•  *  -  • 

—  •  —  . 

003 

_  - . . 

-  - . . 

0-02 

Percentage  composition  of  ash-free  substance. 


c 

53-01 

53-21 

II 

7-03 

714 

N 

._.. 

.  —  *  • 

O 

16-81 


16-90 


Average. 

53' 11 

7 'OS 

16 '85 

2:3 'dO 


lOO'OO 


I  nufiiiiR 


ii'  I' 


mi 

ili '. 
J  I- 1  '■ 

\M- 

•j  •'i,  I- 
;•!:■■''•' 

r'l'    . 

,|li!jii , 
'■11'  'i 

Ifi- 


IHtjestlon  of  elastin  with  pancreatic  juice. 

A  strong  solution  of  pure  trypsin  was  prepared,  accord i 
Kuhne's  method,*  from  100  grams  of  dried  ox  pancreas  and  ad 
150  grams  of  powdered  elastin  B  in  2  litres  of  0*5  per  cent,  s 
carbonate.  The  mixture  was  warmed  at  40°  C.  for  four  or  five 
a  little  thymol  being  added  to  ])revent  putrefaction.  At  the 
this  time,  the  elastin  was  nearly  all  dissolved  and  the  filterec 
on  being  tested  gave  the  ordinary  elastose  reactions.  On  satu 
of  a  portion  of  the  neutralized  fluid  with  ammonium  sulph 
heavy  gummy  precipitate  was  obtained,  and  in  the  filtrate  nc 
of  peptone  reaction  could  be  found. 


*  Kiihijo  and  Cliittouden,  Zoitachrift  fiir  Biologie,  Band  xix,  p.  196. 
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The  entire  digestive  fluid  was  therefore  neutralized  with  dilute 
hydrochloric  acid  (no  neutralization  precipitate),  and  the  protoelas- 
tose  at  once  separated  by  saturation  with  sodium  chloride.  The 
product  was  purified  by  repeated  precipitation  with  salt,  and  after 
dialysis,  the  resultant  fluid  was  evaporated  to  diyness  and  the 
residue  dried  at  110°  C.  for  analysis.  The  product  contained  con- 
siderable ash  (7*4  per  cent.),  consisting  mainly  of  calcium  phosphate 
and  sulphate,  with  some  oxide  of  iron.  Its  composition,  seen  in  the 
accompanying  table,  is  somewhat  different  from  the  protoelastose 
formed  by  pepsin-hydrochloric  acid,  containing  as  it  does  a  notice- 
ably lower  percentage  of  carbon.  In  its  reactions,  however,  it 
resembles  closely  the  preceding  preparations.  It  is  readily  soluble 
in  cold  water  and  the  solution  when  heated  gives  the  characteristic 
turbidity,  which  disappears  as  the  solution  cools.  With  acetic  acid 
and  potassium  ferrocyanide,  it  gives  the  usual  precipitate  and  also 
with  the  concentrated  mineral  acids,  the  latter  dissolving  in  an 
excess  of  the  acid.  Unlike  the  protoelastose  previously  described, 
however,  it  gives  with  cupric  sulphate  a  precipitate  soluble  in  excess 
of  the  copper  salt,  and  with  sodium  hydroxide  no  precipitate.  In 
all  other  respects,  its  reactions  resemble  those  of  the  proto  body 
formed  in  pepsin  digestion. 

Analysis  op  the  Sodium  Chloride  Precipitate— Trypsin  Digestion  op  B, 


1 

Sub- 
No.    stance 
1   used, 
gram. 

IlaO 
found, 
gram. 

1 

CO, 
found, 
prram. 

C 

% 

J 

c.  c. 

^  foun 

T. 

"0. 

d. 

Pres- 
sure 
mm. 

N 
% 

Ash 
found, 
gram. 

Ash 
% 

I,  0-4456 

0-2635  ;  6-57    08045 

49-24 

.   1 

•••*             — ••• 

.... 

\ 

II  0-4650 

0-2696 

6-441  0-8360  j  49-03 

•  •  •  • 

»  *  *  « 

^^^a»                        *^^" 

.... 

*  _  .• 

III  0-3765 

M      M      <•      W 

.■       B       B       W 

.  •> . . 

V       W       M        ~ 

49-7    16-0 

765-4    15-77 

.  -.  • . 

w  *  ■■ 

IV  0-6754 

•      W      •      W 

*      .      •      i- 

. .  * . 

W     ■■       S     • 

87-3    151 

765-4    15-49 

.... 

M      _      — 

V  0-6473 



1 

_  1 

.  •  to  « 

S       ~       B      W 

0-0480 

7-41 

VI  0-8286 

1 











1 

0-0610 

7-36 

C 

Percentage  composition  of  ash-free  aubatance. 

Average. 
53-15            52-95             ....              ....              5S'05 

H 

[             7-09             6-95             ....              ....                7'OS 

N 

17-02            16-74             16'SS 

C 

) 



— 

- 





es'06 

100-00 


In  the  salt-saturated  filtrate  from   protoelastose,  the  addition  of 
a  little  30  per  cent,  acetic  acid  saturated  with  salt  gave  a  second 


36        Chittendeti  and  Hart — Elastin  and  the  Elastose  Bodies, 

gummy  precipitate  which  was  dissolved  in  water,  the  solution  neu- 
tralized and  dialyzed  until  all  chlorine  was  removed.  The  solution, 
on  evaporation,  left  a  brownish  residue,  which  was  powdered  and 
dried  at  llO^^C.  It  was  readily  soluble  in  cold  and  hot  water,  its 
solution  showing  no  turbidity  whatever  when  heated.  It  likewise 
gave  no  precipitate  with  alcohol.  Unlike  the  ordinary  deutero- 
elastose,  it  did  give  noticeable  precipitates  with  the  mineral  acids, 
soluble  in  excess,  and  also  with  acetic  acid  and  potassium  ferro- 
cyanide.  I^ad  acetate  and  cupric  sulphate  also  gave  precipitates, 
soluble  in  excess  of  the  metallic  salt.  Sodium  or  potassium  hydrox- 
ide failed  to  give  any  precipitate.  In  composition  too,  the  product 
showed  an  approach  to  protoelastose  formed  by  pepsin  digestion, 
but  unfortunately  it  contained  over  5  per  cent,  of  ash,  and  hence  the 
quantitative  results  may  perhaps  be  questionable. 


Analysis  of  the   PRECiprrATE  produced  by  Salt-saturated   Acetic 

Acid— Trypsin  Digestion  of  B, 


Sub- 

H,0 

No.    stance 

found. 

;    used. 

gram. 

gram. 

l'  0-4120 

0-2466 

II  0-3625 

0-2ia5 

III  0-3421 



IV  0-3486 



V  0-6973 

a  •  •  . 

VI  0-5668 



H 


6-65 


CO., 
found, 
gram. 

0-7780 


6-69    0-6899 


C 

% 


51-49 
51-89 


N  found. 


c.  c. 


45-6 

45-8 


T. 


14-7 
19-4 


Pres- 
sure 
mra. 


756-5 

754-8 


N 
% 


15-81 
15-52 


Ash 
found, 
gram. 


Ash 
% 


0-0870  5-30 
0-0887  5-60 


C 
H 

N 
O 


Precent<ige  composition  of  ash-free  substance. 


54-46 
701 


54-85 
7-07 


16-71 


16-40 


Average. 

7'Ok 
16-55 
21-76 

lOO'OO 


Of  anything  corresponding  to  hcteroalbumose,  we  have  found  no 
trace.  Further,  under  the  conditions  of  our  experiments,  no  appre- 
ciable amount  of  true  peptone  was  formed  in  any  of  the  digestions ; 
at  least,  nothing  approaching  a  peptone  in  reactions  was  to  be  found 
in  any  of  the  digestive  fluids,  after  saturation  with  ammonium  sul- 
phate.    We  propose,  later,  to  attempt  a  study  of  the  elastin  peptone. 
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using  for  this  purpose  the  elastoses  just  described  as  well  as  elastin 
itself,  and  more  vigorous  digestive  fluids,  both  peptic  and  tryptic. 

In  conclusion,  then,  we  may  say  that  elastin  by  the  action  of  very 
dilute  acid  at  100°  C,  and  by  the  proteolytic  action  of  pepsin - 
hydrochloric  acid,  and  of  trypsin  yields  two  primary  cleavage  pro- 
ducts, which  bear  essentially  the  same  relation  to  elastin  that  proto- 
and  deutcroalbumose  do  to  albumin.  Further,  that  protoelastose  is 
practically  identical  in  reactions  and  composition  with  Horbaczew- 
ski's  hemielastin. 

The  close  relationship  in  composition  of  all  the  bodies  analyzed  is 
shown  in  the  accompanying  table.  In  considering  these  results,  how- 
ever, it  is  well  to  remember  that  the  pancreatic  preparations  contain 
an  over  large  amount  of  ash,  and  hence  the  figures  may  not  be 
altogether  trustworthy. 


The    Influence    of    Uretiian,    Paraldehyde,   Antipyrin,   and 
Antifebrin     on     proteid    metabolism.'      By    R.    II.    Chit- 


tenden. 


I.  The  influence  of  urethan ; — from  experiments  made  by  N.  P.  Washburn, 

Ph.B, 

Ethyl-urethan,  C0(NH3)0.C,Hj,  which  has  recently  come  into 
use  as  a  hypnotic,  is  claimed  by  R.  v.  Jaksch*  to  be  a  sleep-produc- 
ing agent,  free  from  the  usual  disagreeable  after  effects  common  to 
most  hypnotics.  According  to  this  observer,  urethan  does  not  ap- 
pear to  exert  any  poisonous  action  on  the  heart,  nor  to  have  any 
depressing  influence  on  the  arterial  system.  It  is  further  assumed 
that  the  drug  is  without  influence  on  digestion.  Urethan  acts 
mainly  on  the  brain,  the  peripheral  nervous  system  being  unaffected, 
and  according  to  v.  Jaksch  the  hypnotic  effect  is  always  produced 
when  the  drug  is  taken  in  doses  of  1  gram. 

Smaller  doses  (0*25-0'5  gram)  are  uncertain  in  their  action. 

In  view  of  the  somewhat  )>eculiar  action  of  urethan  as  a  hypnotic, 
we  have  undertaken  to  study  the  influence  of  the  drug  on  the  proteid 
metabolism  of  the  healthy  organism,  in  order  to  compare  its  action 
in  this  respect  with  that  of  other  well  known  hypnotics. 

Garnier,f  alone,  appears  to  have  experimented  iu  this  direction. 
He  states  that,  in  the  case  of  a  man,  a  dose  of  6  grams  of  urethan  was 
followed  by  giddiness,  etc.,  which  condition,  however,  soon  passed 
away.  In  this  experiment,  the  excretion  of  urea  was  appreciably  in- 
creased. In  another  experiment,  the  same  observer  found  that  a 
dose  of  2  grams  of  urethan  was  also  followed  by  an  increased  excre- 
tion of  urea,  in  the  case  of  a  dog  in  a  condition  of  hunger.  A  portion 
of  the  urethan  was  apparently  converted  into  urea  and  excreted  as 
such,  but  the  greater  part  of  the  drug  appeared  in  the  urine  unchanged. 
Garnier  further  states  that  large,  nearly  fatal  doses,  of  the  drug  check 


*  Abstract  in  Jahresbericht  fiir  Thiercliemie,   1885,  p.  70. 

f  Inliiience  do  I'urethane  sur  roxcrotion  des  Elements  azotoa  de  rurino.     Compt. 
reud.  80C.  Biolog.  1886,  p.  230. 
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metabolism,  diminishing  the  quantity  of  urine  excreted,  as  wel 
amount  of  urea,  uric  acid,  etc. 

The  experiments  about  to  be  described  were  conducted  whol 
the  person  of  a  healthy  man  of  06  kilos,  body  weight.       A 
amount  of  food,  of  known  composition,  was  taken  daily  and 
habits  of  sleep,  exercise,  etc.,  were  kept  up  during  the  whole 
the  experiment,  which  extended  over  a  period  of  six  weeks, 
manner,  body  equihbrium  was  established  and  the  daily  ex 
brought  to  a  constancy  of  composition,  as  preliminary  to   s 
the  action  of  the  drug.     The  daily  diet  was  as  follows : 

312  grams  fresh  l)eef,  free  from  fat  and  tendons. 


868 

potatoes. 

227 

wheat  bread. 

149 

hoiled  rice. 

35 

butter. 

2» 

sugar. 

6 

salt. 

1200 

water. 

The  body-weight  was  ascertained  each  morning,  and  the  24 
urine  collected  and  analyzed  each  day  as  follows  :  nitrogen  i 
termined  by  the  Kjeldahl  nietliod  ;*  sulphur  by  fusing  a  gi\ 
ume  of  the  urine  with  pure  potassium  hydroxide  and  potassium 
in  a  silver  crucible,  and  ultimately  precipitating  and  weighi 
sulphur  as  barium  sulphate;!  phosphorus  by  fusion  of  a  poi 
the  urine  in  a  like  manner  with  potassium  hydroxide  and  i 
precipitation  of  the  pho8])horic  acid  from  a  nitric  acid  solut 
molybdic  solution,  solution  of  this  precipitate  in  ammonia  anc 

J  cipitation  with  niaiijnesia  mixture,  as  amnionio-magnesium  pboi 

chlorine  by  ignition  with  potassium  nitrate,  and  titration  of  t 
pared  solution  with  a  standard  solution  of  silver  nitrate. 
I  On   April   IDth,  analysis  of   the  urine  was  commenced    an 

I  tinned  for  fourteen  <lavs  biifore  the  first  dose  of  urethan  was 

istered.     The  drug  was  then  taken  for  five  consecutive  days, 
of  7IJ  grains  or  4*7.*i  grams,  after  which  the  urethan  was  discoi 
iijpjjlj  for  seven  (lavs.      A  seeond  trial   was  then  made  by  giving  89 


Ml  \' 

lil|r. ''4  *  Neue  iiKtlj()«lo  ziir  Bi'sliiiiiiiiiiig  des  Stickntoffs  in  org^nnischen  Korpcr 

'»\rr[\\\\  sclirift  fiir  Aualytisc'lu.'  (Mieniie,  xxii,  HG6. 

f  For  the  details  of  the  processes  used,  see  Studies  from  Laboratory  of  Phys 
Clieniistry.  Vale  University,  vol.  ii,  p.  8S. 
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or  5*76  grams  of  nrethan  in  three  consecutive  diys,  followed  by  a 
period  of  six  days  in  which  the  drug  was  not  taken. 

The  tables,  giving  the  amounts  in  grams  for  the  24  hours'  urine 
of  the  several  elements  determined,  show  plainly  that  urethan  has  a 
decided  action  on  the  metabolism  of  the  body. 

On  examining  the  results  in  detail,  it  is  to  be  seen  that  urethan 
has  a  very  decided  diuretic  action,  most  noticeable  on  the  second  day  the 
drug  was  taken.  In  fact,  this  may  be  called  the  initial  action  of  the 
drug,  since  in  both  trials  the  amount  of  water  excreted,  after  the  first 
increase,  rapidly  diminished  as  the  dose  of  urethan  was  increased,  and 
indeed,  the  volume  remained  far  below  the  average  amount  for  two 
or  three  days  after  the  drug  had  been  discontinued,  or  until  its  elimi- 
nation from  the  system  was  fairly  complete,  when  the  volume  of 
fluid  quickly  rose  to  normal.  • 

The  excretion  of  nitrogen  is  at  once  affected  by  urethan,  even  a 
dose  of  five  or  ten  grains  bringing  the  nitrogen  noticeably  below  the 
normal  amount.  In  both  series,  the  excretion  of  nitrogen  was  greatly 
diminished.  On  discontinuing  the  drug,  the  nitrogen  excreted  rapidly 
increased  in  amount,  and  on  the  third  or  fourth  day  after  its  discon- 
tinuance, the  daily  excretion  of  nitrogen  passed  considerably  above 
the  normal.  • 

As  regards  the  excretion  •f  phosphorus,  it  would  appear  from  the 
experiments  that  the  administration  of  small  doses  of  urethan  gives 
rise  to  an  increased  excretion  of  this  element,  as  seen  from  the  results 
obtained  on  May  6-9th.  With  larger  doses  of  the  drug,  however, 
the  excretion  of  phosphorus  is  diminished,  as  seen  from  the  results  of 
May  17-1 9th.  As  the  excretion  of  sulphur  runs  parallel  with  the 
excretion  of  nitrogen,  both  coming  from  the  metabolism  of  proteid 
matter,  it  follows  that  urethan  when  taken  in  small  quantities 
must  exert  an  inhibitory  influence  on  proteid  metabolism,  while  it 
stimulates  the  decomposition  of  certain  phosphorized  matters.  In 
larger  doses,  the  inhibitory  action  of  the  drug  on  proteid  metabolism 
is  still  more  pronounced,  while  at  the  same  time  the  excretion  of 
phosphorus  is  also  retarded. 

In  no  case  was  any  hypnotic  action  noticeable. 
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II.  The  influence  of  Paraldehyde  /—from  experiments  made  by  J.  E,  DocJcen- 

dorff,  Ph.B. 

In  the  following  experiment,  a  full-blooded  coach  dog  of  25  kilos, 
weight  was  employed.  The  animal  was  confined  in  a  suitable  cage, 
lined  with  galvanized  iron  and  furnished  with  a  bottom  of  wire  net- 
ting, under  which  was  a  funnel-shaped  tray,  the  whole  so  arranged  as 
to  allow  all  of  the  fluid  excreta  to  pass  into  a  collecting  bottle  under- 
neath. 

The  animal  was  fed  daily  on  a  weighed  diet  consisting  of  dessicated 
beef,  soda  crackers  and  water.  The  beef  was  prepared  by  removing 
as  thoroughly  as  possible  all  fat,  fasciaB,  tendons,  etc.,  passing  it 
through  a  sausage  cutter  and  then  drying  it  at  a  temperature  below 
60°  C,  until  it  had  lost  ^6  per  cent,  of  its  weight.  The  dried  and 
sampled  beef  was  then  preserved  in  tightly  stoppered  jars  until 
needed.  The  crackers  were  ordinary  soda  crackers,  containing  about 
0*7  per  cent,  of  nitrogen.  The  daily  rations  consisted  of  60  grams  of 
crackers  and  125  grams  of  the  dessicated  beef,  soaked  in  600  c.  c.  of 
water.  This  diet  was  commenced  sometime  before  the  urine  was 
collected,  and  was  continued  throughout  the  experiment.  Ulti- 
mately, the  24  hours'  urine  was  analyzed  each  day,  according  to  the 
methods  described  in  the  preceding  exp^iment.  Owing  to  irregular- 
ity of  urination,  and  the  difficulty  of  using  a  catheter,  the  quantity 
of  urine  obtained  each  day  was  necessarily  quite  variable,  hence 
the  composition  of  the  normal  urine  was  determined  daily  for 
three  weeks,  so  that  a  sufficiently  large  number  of  results  might 
be  obtained  to  yield  an  accurate  average  for  the  normal  period. 
Paraldehyde  was  then  administered  in  gelatin  capsules,  about  six 
hours  after  the  dog  had  been  fed,  so  that  the  drug  might  not  inter- 
fere with  digestion.  Its  administration  was  continued  for  eighteen 
days. 

The  results,  expressed  in  grams  for  each  24  hours'  urine,  are  shown 
in  the  accompanying  tables. 
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Normal  Urine.  Without  Paraldehyde. 


Date. 

Total 
Volume. 

1 
Sp.  Gr. 

1 
Reaction. 

acid. 

1 

1 

Nitrogen. 

1 

Sulphur. 

Phosphorna. 

Amount  of 
Paraldehyde. 

April 
21 

c.  c. 
395 

1036 

grams 
12-540 

grams 

0-883 

grams 
0-862 

1 

0 

22 

840 

1025 

(i 

19-316 

1 

1-529 

1-288 

23 

660 

1031 

1        li 

1 

18-276 

1-176 

1-442 

24 

490 

1035 

(( 

14-622 

1-038 

1096 

25 

610 

1036 

<( 

21-050 

1-388 

1-340 

26 

410 

1036 

ii 

13-568 





27 

550 

1037 

<i 

18-550 

1-396 

1-202 

28 

415 

1036 

i( 

13-580 

1-322 

0-730 

29 

420 

1037 

it 

14-916 

0-940 

0-934 

80 

630 

1038 

(< 

18-071 

1-394 

1-386 

May 
1 

490 

1040 

it 

18-415 

1-172 

1.214 

2 

390 

1038 

n 

12-896 

0-826 

0-806 

3 

630 

1038 

i( 

23-425 

1-499 

1-410 

4 

525 

1036 

(k 

17-244 

1-235 

1-098 

5 

430 

1035 

i» 

13-849 

1-138 

0-862 

6 

375  ; 

1035 

• 

>< 

11-672 

0-810 

0-784 

7 

740 

1032 

i( 

2IM91 

1-648 

1  -538 

8 

465 

1031 

it 

13-682 

1-086 

0-898 

1 
9    i 

545 

1032 

it 

16-239 

1-340 

1-166 

10 

635 

1032 

i* 

15-756 

1-119 

1-134 

11 

495 

1 

1 

1032 

tt 

14-406 

1-145 

0-904 

Av'age' 

i 
1 

526 

1035 

acid. 

16-440 

1-204 

1-106 
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With  Pabaldehyde  (CjH^O),. 


Date. 

Total 
Volume. 

Sp.  Gr. 

Reaction. 

Nitrogen. 

Sulphur. 

Phosphorus. 

Amount  of 
Paraldehyde. 

May 

c.  c. 

grams 

grains 

grams 

grams 

12 

540 

1031 

acid. 

15  082 

1-846 

1-044 

0-424 

13 

— 

Urine 

lost. 





0-740 

14 

540 

1028 

acid. 

18*624 

1-000 

0-776 

0-715 

15 

810 

1024 

ii 

6-589 

0-587 

0-442 

0-794 

16 

810 

1027 

^t 

20-191 

1-593 

1-339 

0-755 

17 

460 

1081 

(( 

12-798 

0-874 

0-932 

0-784 

18 

690 

1083 

(< 

21-091 

1-444 

1-296 

0-702 

19 

525 

1088 

i( 

16-863 

1-214 

1106 

1-071 

20 

505 

1082 

(i 

14-523 

1016 

0-978 

1-536 

21 

785 

1029 

(( 

20-844 

1-475 

1-292 

1-499 

22 

545 

1081 

n 

16-756 

1-122 

0-462 

1-811 

23 

555 

1031 

it 

17  063 

1195 

1-620 

2-268 

24 

580 

1032 

(( 

18-202 

1-245 

1080 

2-675 

25 

360 

1030 

i( 

9-985 

0-734 

0-590 

8111 

26 

800 

1033 

n 

25-695 

1-924 

1-476 

3-682 

27 

460 

1080 

n 

12-992 

0'935 

0-766 

4-068 

28 

585 

1083 

^^ 

19-174 

1-368 

0-990 

4-958 

29 

695 

1032 

t( 

21-756 

1-891 

1-342 

5-941 

Av*age 

570 

1080 

acid. 

16-060 

1-208 

1031 

87-479 
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Without  Paraldehyde. 


Date. 

Total 
Volume. 

Sp.  Gr. 

Reaction. 

May 
30 

c.  c. 
610 

1028 

acid. 

81 

570 

1031 

(( 

June 
1 

440 

1028 

t( 

2 

645 

1031 

«( 

3 

640 

1030 

(( 

4 

445 

1 

1026 

n 

Av  'age 

558 

1 

1029 

acid. 

Nitrogen. 


grams 
17-672 

17  080 


12-201 
19-550 
17-798 
11-112 


Sulphur. 


15-902 


grams 
1-309 

1-811' 


0-766 
1-876 
1-287 
0-979 


Phosphorus. 


Amount  of 
Paraldehyde. 


1-163 


grams 
0-992 

1-164 

0-780 
1-299 
1-608 


0 


1-166 


Throughout  the  experiment,  the  dog  appeared  perfectly  well,  and 
at  no  time  showed  any  symptoms  of  nausea.  Neither  was  there  any 
special  hypnotic  action  noticeable. 

The  average  of  the  results  shows  plainly  that  the  drug  has  little, 
if  any,  action  on  proteid  metabolism.  Under  the  influence  of  the 
paraldehyde  there  was  a  slight  increase  in  the  amount  of  water 
excreted.  Bokai  *  has  stated  that  the  urinary  secretion  is  slightly 
increased  by  paraldehyde.  In  our  experiment,  however,  the  diuretic 
action  is  not  great.  As  regards  the  excretion  of  nitrogen,  there  is  a 
slight  diminution  to  be  seen  in  the  paraldehyde  period.  There  is 
also  a  corresponding  decrease  in  the  excretion  of  phosphorus.  The 
three  periods,  however,  show  such  close  agreement  in  results,  it  is 
obvious  that,  under  the  conditions  of  this  experiment,  paraldehyde 
has  not  exerted  any  special  influence  on  proteid  metabolism. 

According  to  the  experiments  of  Quinquad  and  A.  H6nocque,f 
paraldehyde  causes  a  diminution  of  body  temperature,  and  at  the 
same  time  a  very  noticeable  falling  off"  in  the  excretion  of  carbonic 
acid ;  thus,  according  to  one  of  Quinquad's  experiments,  a  dog  after 
receiving  by  hypodermic  injection  8  c.  c.  of  paraldehyde  gave  off  6'6 
grams  of  carbonic  acid,  while  it  expired  during  the  same  time,  three- 
fourths  of  an  hour  after  the  injection,  only  1*96  grams  of  carbonic 
acid. 


*  Ueber  die  physiologische  Wirkung  des  Paraldohyds.  Centralblatt  fiir  die  medidn- 
ische  Wissonschaften.     1887,  p.  412. 

f  Abstract  iu  Jahresbericht  fur  Thierchemie.     1884,  p.  374. 
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III.  InfltieTice  of  Antipyrin ; — from  experiments  made  by  H,  F.  Adams, 

Ph,B. 

Previous  experiments*  with  antipyrin,  made  in  this  laboratory, 
have  shown  that  this  drug,  when  introduced  into  the  stomach  of 
healthy  rabbits,  has  little,  if  any,  noticeable  influence  on  the  excre- 
tion of  carbonic  acid  or  on  the  body  temperature,  except  in  the 
case  of  toxic  doses.  Coppola,t  likewise,  found  that  the  subcu- 
taneous introduction  of  0*1  to  0*3' gram  of  antipyrin  in  the  case  of 
dogs  led  to  a  reduction  of  body  temperature  of  only  0*25  to  0*6  of  a 
degree,  while  0'3-0-4  gram  of  the  drug  was  without  any  noticeable 
influence  upon  the  excretion  of  urea.  In  fever  patients,  F.  Mtlller,J 
however,  had  previously  noticed  a  diminution  in  the  excretion  of 
nitrogen  under  the  influence  of  antipyrin,  while  in  the  case  of  healthy 
men  the  excretion  was  affected  but  very  slightly,  if  at  all.  Jacubo- 
witsch,§  likewise,  had  noticed  in  experiments  on  healthy  and  fevered 
children  that  the  use  of  antipyrin  led  to  a  diminution  both  in  the 
quantity  and  specific  gravity  of  the  urine,  and  also  a  diminution  in 
the  quantity  of  uric  acid,  phosphoric  acid,  sulphuric  acid  and  of 
chlorides,  L.  Riess,||  by  carefully  conducted  experiments  on  nine 
typhus  fever  patients,  found  as  a  principal  result  that  antipyrin  in 
doses  up  to  12  grams  per  day  diminished  considerably  the  excretion 
of  nitrogen,  the  diminution  ranging  in  six  series  of  experiments  from 
2 '5  to  24*7  per  cent.  Umbach,^  likewise,  has  studied  the  influence 
of  antipyrin  on  the  excretion  of  nitrogen,  both  on  a  dog  and  on  him- 
self, and  he  found  that  with  a  definite  diet  the  excretion  of  nitrogen 
sank,  under  the  influence  of  4  grams  of  antipyrin,  in  two  days  about 
2  grams,  equal  to  4  grams  of  urea.  The  uric  acid  excretion,  however, 
was  not  materially  affected. 

In  spite  of  these  manifold  experiments,  we  have  deemed  the  matter 
of  sufficient  importance  to  warrant  further  study,  especially  with  a 
view  to  the  action  of  the  drug  on  the  metamorphism  of  nitrogenous 
matter  in  the  healthy  organism.  The  experiments  were  therefore 
tried  upon  a  healthy  man  with  a  body  weight  of  77  kilograms,  and 


*  Chittenden  and  Cummins.    Studies,  vol.  ii.,  p.  231. 

f  Abstract  in  Jahresbericht  fiir  Thiercliemie.     1885,  p.  98. 

X  Abstract  in  Jahresbericht  fiir  Thierchemie.     1884,  p.  242. 

§  Abstract  in  Jahresbericht  fur  Thierchemie.     1 885,  p.  444. 

I  Archiv  fiir  experim.  Pathol,  u.  Pharm.  xxii,  127  ;  also  A'bstract  in  Jahresbericht 
fiir  Thierchemie.  1886,  p.  417.  Ueber  stickstoffausscheidung  bei  antipyretiacher 
Fieberbehandlung. 

^  Ueber  den  Einfluss  der  Antipyrins  auf  die  stickstoffausscheidung.  Abstract  in 
Jahresbericht  fiir  Thierchemie.     1886,  p.  418. 
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under  definite  conditions  of  diet,  exercise,  etc.  Nitrogenous  equi- 
librium was  established  prior  to  the  experiment,  and  the  following 
daily  diet  was  strictly  adhered  to  throughout  the  entire  period. 

386  grams  meat  (beef). 

340  **  potatoes. 

227  "  wheat  bread. 

168  *'  oat  meal  (steamed). 

28  **  sugar. 

42  **  butter. 

120  •*  milk. 

1040  '*  water. 

In  this  experiment,  nitrogenous  metabolism  was  measured  by  deter- 
mining the  urea  and  uric  acid  contained  in  the  daily  excretion,  instead 
of  determining  the  total  nitrogen.  This  was  done  in  order  to  ascer- 
tain whether  the  drug  has  any  special  action  on  the  excretion  of  uric 
acid.  Urea  was  determined  by  Liebig's  method,  as  modified  by 
Pflttger.*  Chlorine  was  previously  determined  by  fusion  with  potas- 
sium nitrate  and  titration  with  silver  nitrate  in  the  usual  manner,  and 
then  removed  from  the  solution  to  be  tested  for  urea,  by  a  standard 
silver  solution.  Uric  acid  was  determined  by  Salkowski's  method, 
and  phosphoric  acid  by  titration  with  a  standard  uranium  solution. 

The  accompanying  tables  give  the  results  of  the  daily  analyses. 
From  these  it  is  evident  that  under  the  conditions  of  this  experiment, 
anti pyrin  has  a  decided  inhibitory  action  on  the  proteid  metabolism 
of  the  healthy  human  organism,  as  shown  by  the  diminished  excre- 
tion of  urea  and  uric  acid  when  the  drug  is  taken.  Antipyrin  also 
tends  to  diminish  the  volume  of  the  urinary  secretion,  this  action 
being  very  marked  in  the  second  series,  where  comparatively  large 
amounts  of  antipyrin  were  administered.  As  regards  the  excretion 
of  phosphoric  acid  and  of  chlorine,  nothing  definite  can  be  said.  The 
more  important  changes  produced  by  the  antipyrin  are  shown  in  the 
following  table  of  average  daily  results. 

Urea.         Uric  acid.     Total  PaOa.  Volume.     Sp.Gr. 
grams.  pram.  grams.  c.  c. 

Normal  period 41806  0-586  3185  951  1028 

First  antipyrin  period ... .  38-875  0*556  3-026  848  1029 

First  after  period 42-080  0*575  2*929  929  1028 

Second  antipyrin  i>eriod..  40-^54  0*472  2*941  822  1031 

Second  after  period 44-220  0*537  2*928  957  1028 


*  Pfluger's  Archiv  fur  Physiologie,  vol.  xxi,  p.  248. 
Trans.  (k)NN.  Acad.,  Vol.  VIU.  7  Nov.,  1888 
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Since  this  work  was  finished  we  have  seen  an  interesting  paper 
by  Dr.  Kumagawa*  on  the  action  of  certain  antipyretics  on  proteid 
metabolism,  in  which  is  given  the  results  of  an  experiment  with 
antipyrin  on  the  excretion  of  nitrogen  and  uric  acid,  in  the  case  of  a 
dog  of  26  kilos,  weight  in  a  condition  of  nitrogenous  equilibrium. 

In  this  experiment,  Dr.  Kumagawa  found  that  even  large  doses  of 
antipyrin  (51  grams  in  16  days)  produced  no  change  whatever  in  the 
excretion  of  nitrogen  (determined  by  the  Kjeldahl  method),  but  that 
there  was  a  very  noticeable  increase  in  the  excretion  of  uric  acid 
(determined  by  Salkowski's  method),  amounting  on  an  average  to  65 
per  cent,  above  the  normal  excretion.  These  results  stand  in  direct 
opposition  to  what  we  have  found  with  somewhat  smaller  doses,  in 
experimenting  on  the  human  organism.  Whether  the  explanation 
of  this  difference  is  to  be  found  in  the  different  nature  of  the  two 
organisms  experimented  with  we  cannot  now  say,  but  we  hope  at  a 
later  date  to  explain  this  apparently  divergent  action. 

rv.     The  influence   of  antifehrin; — from   experiments   made  by  H,   C. 

Taylor,  Ph.B. 

Antifehrin  or  acetanilide,  which  has  recently  come  into  use  as  an 
antipyretic,  as  a  nervine  and  antiseptic,  has  been  the  subject  of  many 
clinical  observations  but  has  not  as  yet,  so  far  as  we  know,  been 
experimented  with  to  ascertain  its  influence  on  proteid  metabolism. 
We  have  endeavored,  therefore,  to  ascertain  the  influence  of  this  new 
antipyretic  on  the  nutrition  of  the  healthy  human  organism,  believing 
that  such  results  may  possibly  be  of  greater  value  than  those  ob- 
tained by  experimenting  on  animals.  At  the  same  time  it  is  to  be 
borne  in  mind,  that  an  antipyretic  especially  may  produce  an  effect 
upon  the  healthy  organism  quite  different  from  that  which  the  same 
doses  would  produce  on  an  organism  rendered  perhaps  more  sus- 
ceptible by  disease,  as  in  fever.  The  experimeat  was  therefore  con- 
ducted upon  the  person  of  a  young  man  of  64  kilos,  body  weight, 
brought  into  a  condition  of  nitrogenous  equilibrium  and  maintained 
throughout  the  experiment  upon  a  weighed  diet  of  known  composi- 
tion. For  reasons  already  given,  the  excretion  of  nitrogenous  matter 
was  measured  by  determining  in  the  24  hours'  urine  the  amount  of 
urea  and  uric  acid,  using  the  methods  employed  in  one  of  the  pre- 
ceding experiments.     Sulphur,  phosphorus   and   chlorine  were   also 


*Ueber  die  Wirkung  einiger  antipyretischer   Mittel  auf  den   Biweissumsatz  im 
rganismus.     Vircbow's  Archiv,  Band  cxiii,  p.  192. 
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determined  each  day  by  methods  already  indicated.  After  nitrogen- 
ous equilibrium  had  been  established,  and  the  urine  analyzed  for  ten 
ccmsecutive  days,  antifebrin  was  administered  daily  in  divided  doses, 
at  a  time  not  to  interfere  with  digestion,  for  a  period  of  nine  days. 
The  daily  dose  was  gradually  increased  until  at  last  there  was  a 
slight  approach  to  cyanosis.  In  all,  13*3  grams  or  205  grains  of  the 
antipyretic  were  taken.  No  disagreeable  symptoms  were  experienced, 
but  there  was  a  very  noticeable  lividity  of  countenance  with  a  de- 
cided blueness  of  the  lips,  and  a  slight  darkening  of  the  skin  near  the 
cheek  bones. 

The  initial  daily  dose  was  0*4  of  a  gram  or  a  little  over  6  grains, 
and  was  rapidly  increased  to  2*6  grams  or  40  grains  per  day,  given  in 
three  doses.  There  are,  to  be  sure,  many  cases  recorded  where 
apparently  smaller  doses  have  led  to  serious  results,  but  careful 
watching  failed  to  show  any  symptoms  whatever  even  suggestive  of 
any  disagreeable  action  on  the  digestive  system,  the  circulation  or 
respiration.  Weinsteiii,  indeed,  has  said  that  persons  not  suf- 
fering from  fever  may  take  antifebrin  for  weeks  together  without 
any  effect  on  the  circulation,  while  according  to  Herczel  the  long- 
continued  administration  of  antifebrin,  thirty  to  forty-five  grains 
daily  for  six  weeks,  may  lead  to  what  he  terms  aniline  anaemia  with 
solution  and  decomposition  of  the  haemoglobin  of  the  blood.  In 
fact,  the  latter  observer  considers  that  aniline  is  set  free  from  the 
acetanilide  and  that  the  decomposition  of  the  blood-coloring  matter 
is  due  to  this  cause.  Whether  this  is  the  cause  of  the  cyanosis  so 
often  spoken  of  in  connection  with  this  drug  is  uncertain. 

In  the  second  antifebrin  period,  13 '9  grams  or  214  grains  of  the 
drug  were  taken  in  seven  days,  accompanied  at  the  close  with  the 
same  approach  to  cyanosis  as  before. 

Examination  of  the  analytical  results  shows  plainly  that  under 
the  conditions  of  this  experiment  the  excretion  of  urea  is  not  very 
greatly  affected.  There  is,  however,  in  both  antifebrin  periods  a 
slight  increase,  indicating  increased  proteid  metabolism  under  the 
influence  of  the  drug.  This  increased  excretion  of  urea  is  more 
apparent  in  the  individual  results  than  in  the  average  of  the  series. 
Thus,  in  the  normal  urine  it  is  to  be  noticed  that  the  daily  excretion 
of  urea  never  exceeded  34*5  grams,  while  in  the  first  antifebrin  period, 
on  the  days  when  the  largest  doses  of  acetanilide  were  taken,  the 
excretion  of  urea  amounted  to  35-37  grams,  and  in  the  after  period 
quickly  fell  to  about  33  grams  per  day.  The  same  peculiarity  is 
also  noticeable,  to  a  less  extent,   in  the  second  antifebrin  period. 
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We  must  conclude,  therefore,  that  acetanilide  tends  to  increase  some- 
what the  excretion  of  urea,  but  that  with  such  doses  as  we  have  em- 
ployed the  increase  in  proteid  metabolism  cannot  be  great.  This  is 
further  indicated  by  the  lack  of  any  corresponding  change  in  the 
excretion  of  sulphur. 

The  excretion  of  phosphorus  is  also  unaffected  by  antifebrin. 

On  the  excretion  of  uric  acid,  however,  our  remits  indicate  a 
special  inhibitory  influence.  This  is  quite  apparent  both  in  the 
averages  of  the  different  series  and  in  the  individual  results,  and,  if 
correct,  would  appear  to  be  the  most  marked  characteristic  of 
antifebrin,  so  far  as  its  influence  on  proteid  metabolism  is  concerned. 
Various  observers  have  stated  that  antifebrin  acts  as  a  diuretic, 
others  that  it  decreases  the  secretion  of  water,  and  while  doubtless 
both  results  have  been  seen  to  follow  its  administration  in  diseased 
conditions  of  the  system,  our  experiment  on  a  healthy  man  gives  no 
evidence  of  any  action  of  this  kind. 

Since  the  foregoini'  was  written  we  have  seen  the  results  of 
Kumagawa's*  experiment  with  antifebrin  on  a  dog,  from  which  he 
concludes  that  acetanilide  taken  in  small  doses  (2-3  grams  per  day) 
does  not  give  rise  to  any  appreciable  increase  in  the  decomposition  of 
proteid  matter,  but  that  larger  doses  (4-5  grams  per  day)  cause  a  very 
marked  increase,  as  indicated  by  the  increased  excretion  of  nitrogen. 
Such  doses  are,  however,  as  Kumagawa  himself  admits,  too  large, 
especially  when  given  to  a  moderate  sized  dog,  to  have  the  results  of 
any  practical  value.  Lepine,f  too,  experimenting  on  a  hungry  dog, 
thought  he  found  an  increase  in  the  excretion  of  nitrogen  after  giv- 
ing two  doses  of  one  and  two  grams  of  antifebrin.  Further,  Ademski^ 
is  quoted  as  considering  that  urea  is  increased,  but  the  total  quan- 
tity of  nitrogen  decreased  by  antifebrin.  Bokai,  that  the  amount  of 
nitrogen  is  diminished  and  Berezooski  that  the  urea  decreases  with 
the  fall  of  temperature.  Whether  these  latter  views  are  founded  on 
actual  experiments  or  are  mere  conjecture  I  do  not  know. 

According  to  Jaff'e  and  Hilbert,§  rabbits  fed  upon  antifebrin  excrete 
it  mainly  as  paramidophenol-sulphuric  acid,  and  Kumagawa  has  like- 
wise found,  in  the  case  of  a  dog,  that  neither  acetanilide  nor  aniline 
appear  in  the  urine,  but  that  the  antifebrin  is  excreted  mainly  as 
paramidophenol  united  to  sulphuric  acid. 


*  Virehow's  Archiv.     Band  cxiii,  p.  111. 

f  See  Salkowski'a  Bemerkung  in  Virchow's  Archiv,  Band  cxiii,  p.  394. 
X  See  Report  on  Antifebrin  in  the  Therapeutic  Gazette,  vol.  xii,  p.  671. 
§  Zeitschrift  fur  physiologisohe  chemie,  xii,  p.  307. 


IV. — The   influence  of  sevebal  new  therapeutic  agents  on 

AMTLOLYTIC    AND    PROTEOLYTIC    ACTION.        By    R.    H.    ChITTKN- 

DEN  AND  C.  W.  Stewart,  Ph.B. 

In  view  of  the  pronounced  action  of  a  number  of  newly  discovered 
therapeutic  agents  on  metabolism,  we  have  deemed  it  of  importance 
to  widen  our  knowledge  regarding  their  physiological  action  by 
attempting  a  study  of  their  behavior  towards  the  amylolytic  and 
proteolytic  ferments,  with  the  hope  of  gaining  some  insight  into 
their  influence  on  normal  digestion. 

The  methods  employed  were  similar  to  those  used  in  previous  ex- 
periments of  this  kind,*  in  which  the  action  of  varymg  percentages 
of  the  drug  were  determined  quantitatively. 

Influence  on  amylolytic  action. 

As  amylolytic  ferment,  human  mixed  saliva  was  employed,  filtered 
and  carefully  neutralized,  and  then  diluted  with  distilled  water  in  the 
proportion  of  1  to  5.  The  experiments  were  made  in  series,  in  which 
one  digestion  of  each  series  served  as  a  control  for  comparison.  The 
volume  of  each  digestive  mixture  was  100  c.  c,  in  which  was  present 
1  gram  of  perfectly  neutral  potato  starch  previously  boiled  with  a 
portion  of  the  water,  10  c.  c.  of  diluted  neutral  saliva  and  a  given 
quantity  of  the  substance  to  be  experimented  with.  The  mixtures 
were  warmed  at  40*  C.  for  thirty  minutes,  after  which  further  action 
of  the  ferment  was  stopped  by  heating  the  solution  to  boiling.  The 
extent  of  amylolytic  action  was  then  ascertained,  by  determining  in 
one-fourth  of  the  solution  the  amount  of  reducing  substances  by 
Allihn's  gravimetric  method.f  For  the  sake  of  convenience,  the 
total  amount  of  reducing  substance  was  calculated  as  dextrose,  from 
which  in  turn  was  calculated  the  percentage  of  starch  converted. 

Antipyrin, 

With  this  new  antipyretic,  several  series  of  experiments  with  small 
percentages  were  made  which   show  clearly   that  the  substance  is 

*  Studies  from  the  Laboratory  of  Physiological  Chemistry,  Yale  University,  vols,  i 
and  ii. 
\  ZeitschriH;  fiir  analytische  chemie,  xxii,  p.  448. 
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without  any  appreciable  influence.  When  present  in  larger  percent- 
ages, the  drug  was  found  to  have  a  slight  inhibitory  influence  on 
amylolytic  action,  as  the  following  series  of  experiments  show  : 


Per  cent,  ol 
Antlpyrln. 

Total  amoant  of 
reducing  sabetaDces. 

Starch 
converted. 

Relative 
amylolytic  action 

0 

0-3446  gram. 

31*01  per  cent. 

1000 

0-5 

0*3446 

31*01 

100*0 

10 

0*3424 

30*82 

99*4 

30 

0-3278 

2960 

95*1 

50 

0-3112 

2801 

93-6 

Coppola,*  in  studying  the  physiological  action  of  antipyrin,  found 
that  three  per  cent,  of  the  substance  did  not  hinder  the  inversion  of 
cane  sugar  by  yeast,  but  did  prevent  alcoholic  fermentation.  Fur- 
ther, that  the  same  percentage  hindered  slightly  the  action  of  malt 
diastase  on  starch,  and  had  a  decided  inhibitory  influence  on  the 
alkaline  fermentation  of  urine. 


Antifehrin, 

Owing  to  the  comparative  insolubility  of  antifebrin  or  acetanilide 
in  water,  large  percentages  could  not  be  employed.  Such  as  were 
used,  however,  clearly  show  that  this  antipyretic  has  little  influence 
on  amylolytic  action. 


Per  cent,  of 
Anttfebrln. 

Total  amount  of 
redaclng  sabstances. 

Starch 
converted. 

Relative 
amylolytic  action 

0 

0-3604  gram. 

32*44  per  cent. 

1000 

0-10 

0-3600 

32*40 

99*9 

0-25 

0*3638 

32-70 

100*8 

0*50 

0*3550 

32-00 

98*6 

0 

0*3382 

30*44 

100*0 

2*0 

0  3298 

29*68 

97-5 

In  this  connection,  it  is  interesting  to  notice  that  Kumagawa*  has 
found  antifebrin  to  have  a  strong  antiseptic  action  on  the  putrefac- 
tive processes  of  the  intestinal  canal,  and  Van  Seer  has  observed  that 
milk  does  not  undergo  fermentation  if  saturated  with  it,  and  also 
that  it  will  prevent  albumin  becoming  putrid.f 

Urethan. 

With  ethyl-urethan,  two  series  of  experiments  were  tried,  with  the 
following  results  : 


*  Jahresbericht  fiir  Thierchemie.     1885,  p.  98. 

t  Virchow's  Archiv,  Band  cxiii,  p.  184. 

%  See  The  Therapeutic  Gazette,  vol.  xii,  p.  566. 


62 


ChiUenden  and  Stewart — Injluence  of  several  new 


Per  eent.  of 
UrethftD. 

Total  araoaiu  of 
reducing  sobstances. 

SUrch 
converted. 

Kelative 
amylolytlc  action 

0 

0*3382  gram. 

30*44  per  cent. 

1000 

0-6 

0*3550 

31-95 

104-6 

0 

0-3402 

30*62 

1000 

2  0 

0-3446 

31-01 

101*3 

30 

0-3352 

30*17 

98-6 

50 

0-3268 

29-40 

96*0 

Here,  there  is  noticeable,  with  the  smaller  percentages,  a  slight 
stimulation  of  amylolytic  action,  but  it  is  not  sufficiently  large  to  be 
very  marked. 

Paraldehyde, 

This  substance  shows  very  strong  inhibitory  action,  even  0-5  percent, 
diminishing  the  amount  of  starch  converted  by  30  per  cent.  It  must 
be  remembered,  however,  that  the  aldehyde  is  only  slightly  soluble 
in  water,  and  that  it  is  more  or  less  volatile.  The  experiments  were 
conducted  in  small  flasks  and  the  aldehyde  kept  more  or  less  emul- 
sionized  with  the  aqueous  solution  by  shaking  the  mixtures,  but  ob- 
viously the  percentages  given  can  only  approximately  represent  the 
amount  actually  taking  part  in  the  reaction. 

Following  are  the  results  of  two  series  of  experiments : 


Per  cent,  of 
Paraldehyde. 

Total  amount  of 
redurlnK  «ub»tance». 

Starch 
converted. 

Helative 
amylolytic  action 

0 

0  3554  gram. 

3 1  -98  per  cent. 

1000 

0-1 

o-35:u 

31-81 

99*5 

0-2 

0-3528 

31-75 

99-3 

05 

0-2468 

22-21 

69-5 

i-o 

01066 

9-59 

30*0 

0 

03554 

31-98 

1000 

0-8 

0-1392 

12-52 

391 

ro 

00948 

8-53 

26-6 

If) 

0  0620 

5-58 

14*3 

20 

0-0446 

401 

12-5 

77/ (/Uin  Sulph  ate. 

This  salt  has  a  more  marked  influence  on  the  amylolytic  action  of 
saliva  than  any  of  the  preceding  substances.  Very  small  percentacres 
have  a  noticeable  stimulating  action,  while  the  presence  of  0*2  per 
cent,  of  the  salt  almost  entirely  stops  the  action  of  the  ferment.  The 
results  of  the  following  two  series  show  one  or  two  small  points  of 
difference,  but  in  the  main  they  point  to  the  same  general  action. 
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Per  cent,  of 
Thallin  Sulphate. 

Total  amount  of 
reducing  snbBtances. 

Starch 
convened. 

Relative 
amylolytic  action 

0 

0*3534  gram. 

31-81  per  cent. 

1000 

0025 

0-3648 

32-83 

1032 

0050 

0-3810 

34-36 

108-0 

0100 

0*3540 

31-86 

100-1 

0-200 

0  0690 

6-21 

19-5 

0-300 

trace. 

0 

0-3652 

32-86 

100-0 

0025 

0-3798 

34-18 

104-0 

0-060 

0-3872 

34-89 

1061 

0080 

0-3812 

34-81 

105-9 

o-io 

0-3148 

28-33 

86-2 

Caffein  and  TTiein. 

These  two  closely  related  alkaloids  were  found  to  have  only  a 
slight  action  on  the  amylolytic  ferment,  producing  when  present  in 
considerable  amount  a  slight  diminution  in  the  amount  of  starch  con- 
verted. With  two  per  cent,  of  the  alkaloids,  the  following  results 
were  obtained  : 


Per  cent,  of 
alkaloid. 


20  Caffein. 


0-2  Thein. 


Total  amount  of 
reducing  substances. 

0*3620  gram. 
0-3342 

0-3664 
0*3440 


SUrch 
converted. 

32-57  per  cent 
30-08 

32-97 
3096 


Relative 
amylolytic  action. 

1000 
92-4 

100-0 
93-9 


Influence  on  proteolytic  action. 

The  influence  of  the  above  therapeutic  agents  on  the  proteolytic 
action  of  pepsin-hydrochloric  acid  was  determined,  as  in  preceding 
work  of  this  kind,*  by  ascertaining  the  amount  of  fibrin  digested  or 
dissolved  in  a  given  time,  by  a  definite  volume  of  standard,  artificial 
gastric  juice,  in  the  presence  of  varying  amounts  of  the  substances  to 
be  tested.  The  gastric  juice  was  made  by  dissolving  10  c.  c.  of  a 
glycerin  extract  of  pepsin  in  one  litre  of  0*2  per  cent,  hydrochloric 
acid.  The  volume  of  each  digestive  mixture  was  50  c.  c,  composed 
of  25  c.  c.  of  the  above  mentioned  artificial  gastric  juice,  and  25  c.  c. 
of  0*2  per  cent,  hydrochloric  acid  containing  the  desired  amounts  of 
the  substances  to  be  tested.  The  proteid  material  consisted  of  puri- 
fied fibrin,  coarsely  powdered  and  dried  at  110°  C.  One  gram  of 
fibrin  was  used  in  each  experiment.  The  digestive  mixtures  were 
warmed  at  40°  C.  for  a  certain  length  of  time,  usually  two  hours, 


*  Studies  from  the  Laboratory  of  Physiological  Chemistry  of  Tale  University,  voIp. 
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after  which  farther  proteolytic  action  was  stopped  by  heating  tb 
mixtures  to  boiling.  The  undissolved  residues  were  then  collecU' 
on  dried,  weighed  filters,  washed  thoroughly  with  boiling  water,  an 
finally  dried  at  110°  C.  until  of  constant  weight.  The  amount  < 
fibrin  dissolved  is  taken  as  a  measure  of  proteolytic  action. 

Following  are  the  results  obtained  with  the  various   sabstancc 
tested : 

Antipyrin, 

Per  cent,  of 
Antipyrin. 

0 

0-2 
0-5 
10 


0 
0*5 
3  0 
50 


Per  cent,  of 
Antlfebrln. 

0 
01 
0-2 
0-5 

i-r» 


Undl^Mted 
residue. 

Fibrin 
digested. 

ReUtlTe 
proteolytic  ACtloD. 

0*507  gram. 

49-3  per 

cent. 

100-0 

0-522 

47-8 

• 

96-9 

0-573 

42*7 

86-6 

0-688 

• 

31-2 

63-3 

Longer 

time  at  40°  C. 

0143 

85*7 

100-0 

0-213 

78-7 

91-8 

0-964 

3*6 

4-2 

1008 

0 

0 

An 

\tifebrin, 

ft 

Undigested 
residue. 

Fibrin 
digested. 

BeUUve 
proteolytic  action 

0*129  gram. 

87-1  per  ( 

Dent. 

100*0 

0145 

86-5 

981 

0166 

83-4 

95-8 

0-212 

78-8 

90*5 

0-371 

62*9 

72-2 

Urethan, 


Per  cent,  of 
Ilrethan. 

TudlgeBted 
reBuiue. 

Fibrin 
digcHted. 

Relative 
proteolytic  •ction 

0 

0-148 

gram. 

85-2  per 

cent. 

1000 

0  2 

0138 

86-2 

101-2 

10 

0171 

82-9 

97-2 

3-0 

0224 

77-6 

90-9 

5-0 

0-240 

760 

89-4 

Paraldehyde. 

Per  cent,  of 
Paraldehyde. 

UndlKef*led 
residue. 

Fibrin 
digeBted. 

ReUUve 

proteolytic  action. 

0 

0-2G3 

gram. 

73-7  per 

cent. 

100-0 

005 

0-219 

78-1 

105-9 

0-10 

0-246 

75-4 

102-3 

U-30 

0-255 

74*5 

101-1 

1-00 

0-264 

73-6 

99-9 

200 

0*269 

73-1 

99-2 
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Thallin  sulphate. 


Per  cent,  of 
ThalUn  sulphate. 

Undiirested 
residue. 

Fibrin 
digested. 

Relative 
proteolytic  action 

0 

0-379  gram. 

62-1  per  cent. 

100-0 

005 

0-243 

75-7 

121-9 

010 

0-327 

67-3 

108-4 

0-30 

0-395 

60-5 

97-4 

Thein  and 

Caf^ein. 

Per  cent,  of 
alkaloid. 

Undigested 
residiie. 

Fibrin 
digested. 

Relative 
proteolytic  action. 

0 

0105  gram. 

89-5  per  cent. 

100-0 

lOThein. 

0-252 

74-8 

84-7 

40      •' 

0-179 

82-1 

91-8 

4-0  CafTein. 

0-584 

41-6 

46-5 

These  results  show  that  antipyrin  has  a  decided  inhibitory  influ- 
ence on  the  action  of  the  proteolytic  ferment,  and  that  when  present 
to  the  extent  of  3*0  per  cent,  it  practically  stops  all  digestive  action. 
Antifebrin  has  also  an  inhibitory  action,  perhaps  equal  to  that  of  anti- 
pyrin, but  owing  to  its  greater  insolubility  in  acid  fluids  large  per- 
centages of  the  substance  could  not  be  tested. 

Urethan  has  only  a  slight  retarding  action,  even  when  present  to 
the  extent  of  5  per  cent. 

Paraldehyde  and  thallin  sulphate  both  show  a  very  decided  stimu- 
lating action  when  small  fractions  of  one  per  cent,  are  present,  the  lat- 
ter, particularly,  causing  a  much  larger  amount  of  fibrin  to  be  di- 
gested than  in  the  control  experiment. 

Thein  and  caflein  both  show  an  inhibitory  influence  on  the  ferment, 
that  of  caflein  being  much  greater  than  that  of  thein. 

On  the  proteolytic  action  of  trypsin  in  an  alkaline  solution,  two 
substances  only  were  tested,  antifebrin  and  paraldehyde.  The  ex- 
periments were  conducted  in  the  same  manner  as  with  pepsin-hydro- 
chloric acid,  except  that  a  solution  of  trypsin  in  0*3  per  cent,  sodium 
carbonate  was  employed  in  place  of  the  pepsin-acid,  and  the  mixture 
warmed  for  a  longer  time  at  40°  C.  Following  are  the  results  ob- 
tained, showing  a  much  more  pronounced  inhibitory  action  on  this 
ferment  than  on  pepsin. 

Per  cent,  of  Undigested 

•nbstance.  realdae. 

0  0-159  gram. 

0*2  antifebrin.  0-368 

1-0  0-741 

0-2  paraldehyde.         0-368 
20  0-959 

Tbahs.  Coim.  A.OAD.,  Vol.  YIII.  9 


Fibrin 
digested. 

KelaUve 
proteolytic  action. 

84-1  per  cent. 

1000 

63-2 

751 

26-9 

30-8 

63-2 

75-1 

4-1 

4-9 
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V. — Caseosks,  Casein  Dyspeptone,  and    Casein  Peptonk.      Bt 

R.  PI.  Chittenden. 

In  a  previous  paper  on  "  Casein  and  its  Primary  Cleavage  Pro- 
ducts,***  the  writer  expressed  the  intention  of  continuing  the  study  of 
the  caseoses  formed  in  pepsin  digestion,  and  also  of  Rtadying  pure 
casein  peptone  and  the  so-called  casein  dyspeptone.  In  the  falfillment 
of  this  intention,  experiments  upon  these  subjects  have  been  carried 
on  in  this  laboratory  during  the  past  two  years,  with  the  aid  of  sev- 
eral co-workers,  and  the  results  are  here  presented  collectively. 

I. — Casein  Dyspeptone  ; — ^from  experiments  by  L.  A.  Conner,  J%.B.,  and 

C,  A,  Tattle,  Ph,B. 

When  casein  is  exposed  to  the  action  of  pepsin-hydrochloric  acid 
at  40®  C,  or  even  at  ordinary  temperatures,  it  is  decomposed,  as  is 
well  known,  into  soluble  caseoses  and  peptone.  In  every  such  diges- 
tion, however,  there  always  remains  a  certain  amount  of  an  insoluble 
pasty,  grayish  white  substance,  wliich  apparently  is  not  susceptible 
to  the  further  action  of  gastric  juice,  no  matter  how  long  continued. 
This  insoluble  substance,  which  is  noticeable  to  a  greater  or  less  extent 
in  the  pepsin  digestion  of  all  proteids,  but  particularly  so  with  casein, 
and  which  received  from  Meissner  the  name  of  dyspeptone,  was 
examined  somewhat  carefully  by  Lubavin  in  1870,f  who  described 
some  of  its  properties.  He  considered  this  casein  dyspeptone  as  a 
mixture  of  two  distinct  bodies,  separable  from  each  other  by  the 
action  of  sodium  carbonate.  Substance  -4,  that  portion  of  the  dys- 
peptone soluble  in  sodium  carbonate,  was  described  by  Lubavin  as  a 
body  containing  4*6  per  cent,  of  phosphorus,  13'3  per  cent,  of  nitro- 
gen, 48'5  per  cent,  of  carbon  and  no  sulphur,  corresponding  to  the 
formula  C„H^,N^PO,j.  Substance  ^,  insoluble  in  sodium  carbonate, 
was  slowly  soluble  in  sodium  hydroxide,  contained  sulphur,  but  only 
a  small  trace  of  phosphorus  and  evidently  contained  more  or  less 


♦Chittenden  and  Painter.      Studies  from  Laboratory  of  Physiological  Chemistry 
Yale  University,  vol.  ii.,  p.  156. 
f  Hoppc-Seyler.     Med.  Chem.  Untersuchimgen,  p.  463. 
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admixture  of  fat.  Judging  from  the  description,  substance  A  must 
have  been  an  acid  compound  of  the  body  studied,  mixed  with  more 
or  less  undigested  casein ;  while  substance  JB  was  doubtless  a  mixture 
of  fat  and  the  body  A,  However  this  may  be,  our  results  show 
conclusively  that  no  body  having  the  formula  ascribed  by  Lubavin 
to  his  substance  Ay  can  be  separated  from  the  undigestible  residue 
of  casein  in  pepsin-hydrochloric  acid. 

In  all  of  the  experiments  to  be  described,  the  casein  employed  was 
freshly  prepared  from  skim  milk  by  precipitating  the  greatly  diluted 
fluid  with  dilute  acetic  acid,  washing  thoroughly  with  water,  redis- 
solving  the  precipitate  in  water  containing  a  trace  of  ammonia  and 
reprecipitating,  repeating  this  operation  three  or  four  times. 

In  subjecting  casein  to  the  action  of  artificial  gastric  juice  the  con- 
ditions were  varied  more  or  less  in  the  individual  experiments,  so 
that  if  the  so-called  dyspeptone  be  a  mixture  of  two  or  more  sub- 
stances, the  varying  conditions  under  which  the  digestions  were 
made  might  so  change  the  nature  of  the  mixture,  that  on  analysis,  it 
would  become  apparent. 

Digestion  A, 

The  casein  from  five  gallons  of  milk  was  placed  in  four  litres  of 
0*4  per  cent,  hydrochloric  acid  and  warmed  to  40®  C.  To  this  was 
added  200  c.  c.  of  a  dialyzed  pepsin  solution,  prepared  from  a  glyc- 
erin extract  of  the  ferment,  and  the  mixture  kept  at  40-45°  C.  for 
forty-eight  hours.  At  the  end  of  this  time  there  was  still  a  compara- 
tively large  mass  of  gelatinous  matter  undissolved,  composed  in  part, 
no  doubt,  of  swollen  casein.  The  entire  mixture  was  then  diluted  con- 
siderably with  water  and  treated  with  dilute  alkali  to  near  neutraliza- 
tion, leaving  the  fluid,  however,  distinctly  acid.  The  undigested 
matter  was  then  filtered  off  and  washed  thoroughly  with  water.  This 
partial  neutralization  of  the  digestive  mixture  was  found  necessary, 
owing  to  the  extreme  slowness  with  which  the  acid  fluid  filtered. 
The  undigested  matter  was  again  warmed  at  40°  C.  for  forty-eight 
hours,  with  four  litres  of  a  much  more  vigorous  pepsin  mixture  con- 
taining 0*4  per  cent,  hydrochloric  acid.  The  residue  still  undissolved 
was  filtered  off  and  washed  with  water.  The  acid  filtrate  gave  no 
precipitate  whatever  on  neutralization.  A  third  time  the  undigested 
matter  was  warmed  at  40°  C.  for  sixty  hours,  with  four  litres  of  a  still 
stronger  artificial  gastric  juice.  The  quantity  of  insoluble  matter  did 
not  appear  to  be  diminished  at  all  by  this  third  treatment  with  pep- 
sin and  acid.     The  substance  was  thereupon  filtered  from  the  acid 
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fluid,  and  washed  with  water  until  the  washings  gave  no  reaction  for 
chlorides.  It  was  then  treated  in  the  cold  with  one  litre  of  one  per 
cent,  sodium  carbonate,  in  which  it  appeared  to  dissolve  oompletelj. 
On  filtration  there  appeared  a  small  whitish  residue,  which  on  treat- 
ment with  ether,  dissolved  in  great  part,  thus  showing  its  fatty 
nature.  There  remained,  however,  a  very  small  residue  of  a  heavy, 
brownish  substance  too  small  in  quantity  to  be  considered  other  than 
as  au  impurity.  On  adding  dilute  hydrochloric  acid  to  the  alkaline 
fluid,  no  precipitate  was  obtained  until  the  fluid  was  made  distinctly 
acid,  when  the  dyspeptone  was  thrown  down  as  a  heavy  floccnlent 
precipitate.  In  the  filtrate,  the  biuret  and  Millon's  test  showed  only 
a  faint  trace  of  an  albuminous  body.  The  precipitate,  of  dyspeptone 
was  washed  with  water  until  the  washings  gave  no  reaction  witb 
silver  nitrate,  after  which  it  was  dissolved  in  one  per  cent,  sodium 
carbonate,  the  fluid  made  exactly  neutral  with  dilute  hydrochloric 
acid,  thymolized,  and  then  dialyzed  in  running  water  until  all  chlo- 
ride was  removed  from  the  fluid. 

The  neutral  fluid  of  dyspeptone  so  obtained,  was  concentrated  to  a 
thick  syrup  on  the  water-bath,  and  then  while  still  warm,  it  was 
treated  with  95  per  cent,  alcohol  and  a  little  absolute  alcohol. 
A  moderately  heavy  precipitate  of  dyspeptone  resulted,  but  appar- 
ently not  all  of  the  substance  was  precipitated.  On  standing  for 
forty-eight  hours,  the  fluid  was  found  in  a  thick,  gelatinous  condition. 
The  coagulum  was  insoluble  in  05  })er  cent,  alcohol,  but  readily  and 
completely  soluble  in  water.  It  was  therefore  washed  thoroughly 
with  alcohol,  allowed  to  stand  under  absolute  alcohol  for  several 
days,  then  treated  with  cold  ether,  after  which  it  was  dried,  pow- 
dered and  placed  in  a  fat  extractor  and  extracte<l  with  boiling  ether 
as  long  as  any  fatty  matter  was  dissolved,  a  process  which  took  sev- 
eral days.  About  nine  grams  of  the  pure,  dry  substance  were 
obtained. 

A  portion  was  then  dried  at  110°  C.  until  of  constant  weight, 
for  analysis.     Its  composition  is  shown  in  the  accompanying  table. 

The  methods  of  analysis  employed  were  the  same  as  those  previ- 
ously described.  Phosj)horu8  was  determined  by  fusing  the  sub- 
stance in  a  silver  crucible  with  potassium  hydroxide  and  potassium 
nitrate,  acidifying  the  mixture  with  nitric  acid,  evaporating  to  dry- 
ness, dissolving  the  residue  in  water  acidified  with  nitric  acid  and 
precipitation  of  the  })hosphoric  acid,  first  with  molybdic  solution  and 
lastly  with  magnesia  mixture  and  final  weighing  of  the  phosphorus 
as  magnesium  pyrophosphate. 
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It  is  to  be  seen  from  the  table  of  analytical  results  that  the  total 
phosphorus  is  exactly  equal  to  the  phosphorus  of  the  ash.  The  ash, 
as  examination  showed,  was  composed  almost  entirely  of  calciam 
phosphate  with  a  trace  of  iron.  There  was  no  calciam  sulphate. 
Taking  the  percentage  of  phosphorus  at  the  highest  figure,  viz:  2*67, 
and  calculating  it  to  calcium  phosphate  Ca,(PoJ„  it  would  be  eqaal 
to  13-3  per  cent,  of  calcium  phosphate,  or  within  0*3  per  cent,  of  the 
ash  found.  Hence,  it  would  appear  that  the  phosphorus  present  in 
the  substance  probably  existed  there  wholly  as  calcium  phosphate. 

Digestion  B, 

A  quantity  of  pure  casein,  equal  in  amount  to  that  used  in  digestion 
Ay  was  warmed  at  40°  C.  with  seven  litres  of  0*4  per  cent,  hydro- 
chloric acid,  to  which  a  quantity  of  purified  and  vigorous  pepsin  solu- 
tion was  added.  After  being  kept  at  40°  C.  for  fifty  hours,  two 
litres  more  of  0*4  per  cent,  hydrochloric  acid,  together  with  some 
pepsin  solution,  were  added  and  the  mixture  warmed  at  40^  C.  for 
two  days  more,  after  which  it  was  diluted  with  water  and  the  undi- 
gested residue  allowed  to  settle  out.  The  supernatant  fluid  was 
syphoned  off,  the  residue  washed  by  decantation  and  then  again 
treated  at  40°  C.  with  five  litres  of  an  active  pepsin-hydrochloric  acid 
solution  for  four  days.  The  residue  still  undigested  was  filtered  off, 
washed  with  water,  dissolved  in  one  per  cent,  sodium  carbonate  solu- 
tion and  the  alkaline  fluid  filtered  from  the  small  amount  of  undis- 
solved matter.  From  this  fluid,  thc'dyspeptone  was  precipitated  by 
hydrochloric  acid,  the  acid  compound  washed  thoroughly  with  w^ater, 
after  which  it  was  warmed  at  40°  C.  for  forty-eight  hours  with  1200 
C.  c.  of  0*2  per  cent,  hydrochloric  acid,  and  50  c.  c.  of  a  strong  pepsin 
solution.  The  undigested  residue,  after  being  thoroughly  washed, 
was  dissolved  in  800  c.  c.  of  one  per  cent,  sodium  carbonate,  the  solu- 
tion exactly  neutralized  with  hydrochloric  acid  and  dialyzed  until 
chlorides  were  entirely  removed.  The  clear  aqueous  solution  was 
evaporated  to  a  syrup  and  the  dyspeptone  precipitated  with  alcohol, 
after  which  it  was  treated  exactly  as  preparation  A.  9'5  grams 
of  pure,  dried  8ul)stance  were  obtained. 

For  analysis,  the  dyspeptone  was  dried  at  110°  C.  until  of  constant 
weight.  The  analytical  results  are  shown  in  the  accompanying 
table. 

The  ash  which  was  larger  than  in  the  first  preparation,  contained 
no  sulphate  whatever,  but  was  composed  in  great  part  of  calcium 
phosphate. 
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Digestions  C  and  D, 

These  digestions  were  conducted  in  much  the  same  manner  as  the 
preceding.  In  (7,  the  casein  was  first  subjected  to  the  action  of  four 
litres  of  vigorous,  but  purified,  artificial  gastric  juice  containing  0*4 
per  cent,  acid,  for  four  consecutive  days.  The  undigested  reside 
was  then  filtered  off,  washed,  and  again  treated  with  a  vigorous  pep- 
sin-acid mixture  for  three  days  longer,  in  both  cases  at  40^  C.  The 
residue  still  undigested  was  washed  thoroughly  with  water  and  then 
dissolved  in  one  per  cent,  sodium  carbonate,  after  which  it  was  treated 
exactly  as  preparation  A. 

In  7>,  the  casein  was  warmed  for  three  days  with  six  litres  of  i 
similar  pepsin-acid  mixture,  when  the  undissolved  residae,  after  being 
filtered  and  thoroughly  washed,  was  dissolved  in  diluted  sodiaoi 
carbonate  and  reprecipitated  by  dilute  hydrochloric  acid.  Then,  as 
in  By  tlie  washed  precipitate  was  rcdigested  with  a  vigorous  gastric 
juice  for  several  days  and  the  residue  again  dissolved,  after  thorough 
washing,  in  one  per  cent,  sodium  carbonate  and  treated  exactly  as 
the  preceding  preparation. 

For  analysis,  both  products  were  freed  entirely  from  fat,  and  ulti- 
mately dried  at  110"  C,  until  of  constant  weight.  Their  composition 
is  shown  in  the  accompanying  tables. 

Three  other  distinct  preparations  of  dyspeptone  were  made  in  man- 
ner similar  to  the  preceding,  except  that  in  all,  larger  (quantities  of 
pepsin-hydrochloric  acid  were  employed  and  the  mixtures  warmeil 
for  a  longer  time  at  40°  C.  Thus  in  digestion  Ey  1562  grams  of 
moist  casein  were  wanned  with  9-5  litres  of  0*4  percent,  hydrochloric 
acid  and  pepsin  for  two  days,  and  the  undigested  residue  again  treated 
at  40*  C.  with  3  litres  of  a  like  pepsin-acid  for  seven  days,  and  finally 
treated  a  third  time  with  pepsin  and  acid  for  four  days,  before  solu- 
tion in  sodium  carbonate,  etc.  Likewise  in  digestion  Oy  2000  <rrams 
of  moist  casein  were  warmed  at  40°  C.  with  11  litres  of  0*4  per  cent, 
acid  and  pepsin  for  21  days  and  the  residue  warmed  again  at  40°  C. 
for  several  days,  with  a  fresh  pepsin-acid  mixture.  Ultimately,  all  of 
the  three  products  were  treated  as  previously  described,  and  finallv 
dried  at  110°  C.  prior  to  analysis.  The  analytical  results  are  showu 
in  the  accompanying  tables. 
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Dyspeptone  E, 


I 

II 

III 

IV 

V 

VI 


0-^272 
0-3746 
0-3177 
0-5570 
0-3319 
0-3330 


0-1927 


i         N  found. 

C 

1 

N 
% 

*  Ash 
found, 
gram. 

COa 

found, 
gram. 

1 

i 

c.  c. 

T. 

Pres- 
sure, 
mm. 

Ash 
% 

11528  48-23    ... 

-•_  -  ■ 

«  «  «  • 

• 

0-5967 

43-17 

>  •  .  . 

.     .     —     . 

.... 
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•  *  *  • 

-  _  _  - 
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12-84 

.  -  •  - 

-  -  - . 

•  -  •  • 

*     •     M     « 
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12-2 
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.  -  > . 

. . - -• 

-  -  •  • 

•      •     «      • 



0-0496  14-94 





•  •  ^  • 







0-0499  14-98 

Percentage  composition  of  ash-free  substance. 

Average. 
C  50-84  50-75  ....  ....  6080 

H  6-75  6-72  ....  ....  6^73 

N  ...  ....  15-10  15-15  16'1£ 

Dyspeptone  F, 


O      I. 
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Percentage  composition  of  ash-free  substance. 


C 
H 

N 


51-50 
6-78 


51-70 
6-87 


15-17 
Dyspeptone  G. 


15-21 


Average. 
61-60 
6-83 
15-19 


No. 


Sub- 
stance 

used, 
gram. 


I  0-7545 

II  0-4094 

III  0  6268 

IV,  0-7803 

Vi  0-4356 

Nl  0-5654 


0-8915 
0-2137 


H 

COa 
found, 
gram. 

1-2148 
0-6604 

c 

5-76 
5-79 

43-90 
43-98 

.... 

.... 

.... 

N  found. 

N 

Ash 
found, 
gram. 

T 

C.C.        o^ 

Pres- 
sure 
mm. 

70-6    13-8 
88-8    14-0 

1 

760-5 
760-3 

13-56 
13-61 

1 



0-0552 
0-0722 

Ash 
% 


12-66 
12-76 


Precentage  composition  of  ash-free  substance. 


C 
H 

N 


50-85 
6-61 


50-44 
6-65 


15-55 


15-61 


Average. 
50-39 
6-63 
15-58 
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Table  Showing  the  Avebaoe  Composition  of  ths  Sbvkbal  Drav-I 

TONES. 


I  II 

■     A.  B.  C. 


C. 

H 

N 

S. 

P. 


D. 


51-15    51-07    51-29    51-82 

7-26      7-44 


718 

7-41 

516 

15-41 

0-71 

0-71 

0 

0 

E. 


F. 


O.       CaMiD.* 


50-80 
6-78 


51-00     50*89     5S-90 
6-83  .     6-68        7-0? 


15-28  ,  15*48  !  1512  ,  15*19  ■  15*58      15*91 


0*68  :    0*78 
0  0 


0 25-80    25*40    25*54    24*48 


Ash 


18-67 


15*41     12-43  ,  14-19    14*96 


18-60 


12-71 


0-83 

0-87 

28-OS 


0-98 


It  is  evident  from  the  more  complete  analyses  of  the  firat  four 
products,  that  the  dyspeptone  as  prepared  by  us  containa  essentiallv 
the  same  percentage  of  sulphur  as  tlie  original  casein ;  further,  that 
instead  of  being  a  phosphorized  compound,  it  apparently  contains  no 
phosphorus  whatever,  other  tlian  that  combined  with  calcium.  Very 
noticeable,  is  the  large  percentage  of  ash  in  all  of  the  preparations. 
This  we  wore  not  able  to  materially  reduce  by  any  process  of  purifica- 
tion, and  as  the  ash  of  the  original  casein,  like  that  of  the  dys- 
peptone, was  composed  ahnost  wholly  of  calcium  phosphate,  it  would 
appear  as  if  all  of  the  phosphate  from  the  mother  substance  had 
attached  itself  to  the  dyspeptone. 

In  their  content  of  carbon,  all  of  the  sevea  preparations  show  a  verv 
close  agreement,  while  they  differ  from  casein  by  containing  two  per 
cent,  less  carbon.  The  nitrogen  of  the  dyspeptone  is,  likewise,  a  little 
less  than  that  of  casein,  while  the  individual  preparations  show 
throughout  a  very  close  agreement  in  their  content  of  this  element 
In  composition,  therefore,  all  of  the  seven  preparations,  although  rep- 
resenting considerable  variation  in  the  method  of  production,  show  a 
sufficiently  close  agreement  to  indicate  their  identity.  Compared 
with  casein,  the  lower  percentage  of  carbon  would  point  to  their 
production  by  hydration,  and  it  would  appear  from  the  analytical 
data  that  the  so-called  casein  dyspeptone,  formed  by  gastric  digestion, 
is  a  mixture  of  calcium  phosphate  with  a  hydration  product  of  casein, 
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the  hydrochloric  acid  compound  of  which  is  insoluble  in  water  and 
dilute  acid.  The  dyspeptone  itself  is  quite  readily  soluble  in  cold 
water,  the  solution  remaining  unchanged  on  boiling. 

Following  are  some  of  the  reactions  of  dyspeptone. 

Addition  of  acetic  acid  to  an  aqueous  solution  of  the  substance 
produces  a  heavy  white  precipitate  insoluble  in  moderate  excess,  but 
partially  soluble  in  a  large  excess  of  the  acid.  On  heating  the  strongly 
acid  fluid,  the  precipitate  dissolves  completely  and  the  fluid  remains 
clear  on  cooling.  Addition  of  potassium  ferrocyanide  to  the  clear 
acid  fluid  gives  only  a  slight  turbidity. 

Dilute  hydrochloric  and  sulphuric  acid  both  give  a  heavy  white 
precipitate,  insoluble  in  slight  excess  of  acid,  but  entirely  soluble 
in  a  large  excess  on  application  of  heat.  Even  0*2  per  cent,  hydro- 
chloric acid  precipitates  the  dyspeptone  completely. 

Dilute  nitric  acid,  likewise,  precipitates  the  dyspeptone,  but  the 
precipitate  is  far  more  soluble  in  excess  of  the  acid.  On  warming  the 
acid  solution,  it  quickly  turns  yellow,  and  with  ammonia  gives  the 
orange  yellow  color  of  the  xanthoprotein  reaction. 

Cupric  sulphate  and  potassium  hydroxide  give  the  violet  color  of 
the  biuret  reaction. 

Cupric  sulphate  and  ferric  chloride  both  give  heavy  precipitates, 
insoluble  in  excess. 

Potassium  hydroxide  and  lead  acetate  give,  on  boiling,  a  distinct 
reaction  for  sulphur. 

Mercuric  chloride,  added  in  small  quantity  to  a  cold  aqueous  solu- 
tion of  the  dyspeptone,  gives  no  precipitate,  but  when  added  in 
excess  and  the  mixture  is  heated,  a  heavy  white  precipitate  is  formed, 
insoluble  on  cooling. 

The  dyspeptone  is  precipitated  by  saturation  of  its  aqueous  solution 
with  ammonium  sulphate,  but  not  by  sodium  chloride,  even  on  heat- 
ing. Addition  of  acetic  acid,  however,  to  the  salt-saturated  fluid 
gives  the  usual  precipitate  of  dyspeptone. 

Casein  antialbumid. 

On  heating  casein  with  sulphuric  acid  and  water  at  100°  C,  it  is 
decomposed,  as  is  well  known,  into  soluble  products  and  an  insoluble 
antialbumid.  We  have  found,  however,  that  the  antialbumid  pre- 
pared in  this  manner  is  quite  different  in  composition  from  the  dys- 
peptone formed  in  gastric  digestion.  In  one  experiment,  where  about 
two  kilograms  of  pure,  moist  casein  were  heated  Tvith  two  litres  of 
water  and  100  grams  of  concentrated  sulphuric  acid  for  seven  hours 
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at  100°  ('.,  and  the  resi<lue  so  obtaine<l  trealed  again  in  a  like  nm-l 
ner  with  the  saiiu'  strength  of  acid,  a  comparatively  large  amount  «•( 
casein  antialburaid  was  obtained,  which  unlike  the  dyspeptone  froa 
a  gastric  digestion,  was  only  slowly  soluble  in  dilute  nodiam  carbtjo- 
ate.  Freed  from  any  adhering  soluble  productH  by  treatment  witi 
several  litres  of  a  vigorous  gastric  juice  for  two  days  at  40^  C,  it  still 
dissolved  slowly  in  dilute  sodium  carbonate.  By  long  contact  with 
a  one  per  cent,  solution  of  the  alkaline  carbonate  it  finally  dissolved, 
leaving  but  a  small  residue.  From  this  solution,  the  antialbumid 
was  reprecipitated  by  hydrochloric  acid,  and  after  thorough  washii^ 
with  water,  it  was  again  dissolved  in  sodium  carbonate,  the  fluid 
made  exactly  neutral  and  then  <lialyzed  until  all  chloride  was  re- 
moved. After  concentration  of  the  fluid  and  precipitation  with  alco- 
hol, etc.,  the  antialbumid  was  dried  and  analyzed.  It  contained  1^ 
per  cent,  of  ash.  The  ash-free  substance  contained  64*4  per  cent,  "f 
carbon,  68  per  cent,  of  hydrogen,  and  14*8  per  cent,  of  nitrogen: 
showing  thus  a  much  higher  percentage  of  carbon,  and  a  lower  per- 
centage of  nitrogen  than  tlie  dyspeptone  formed  by  pepsin -hydro- 
chloric acid. 

Roth  casein  antialbumid  and  dyspeptone  arc  dissolved  with  more 
or  less  n»adiness  by  alkaline  solution  of  trypsin  and  are  convertcni 
by  long  warming  at  40"^  (-.  into  a  peptone-like  body,  presumably 
antipoptoiie. 

II.  (UiHVitxt'x  :—   from   ('xpcriiuents    l)y    Charles  Norr is,    Jr.,   I^h,B.,  and 

(\  A.  Tntth\  Ph.B. 

In  :i  previous  study  ol  the  caseoses  formed  in  pepsin  digestion,*  we 
were  much  impressed  with  the  peculiar  behavior  of  protocaseosc 
towards  acids.  Fnlikc  the  proto  bodies  from  other  proteids  pre- 
viously ^tudicd,  nipifi>}(fi  solutions  of  the  substance  gave  heavy  pre- 
cipitates with  dilute  acids.  Protocaseosc,  as  then  separated,  wa? 
readily  soluble  in  ()'4  per  cent,  hydrochloric  acid,  but  addition  of 
Stronger  acid  invariably  jnoduccd  a  decided  precipitate,  soluble, 
however,  in  a  still  larger  excess  of  acid.  This  peculiarity  rendereil 
the  protocaseosc  an  object  of  some*  interest  to  us,  and  further  study 
(»f  the  conditions  favoring  its  formation  in  gastric  digestion  has 
shown  us  that,  ajjparently,  the  nature  of  the  body  precipitated  by 
saturation  with  salt,  as  well  as  the  bo<ly  i)recipitated  by  salt-satu- 
rated acetic  acid  is  modified   by  the  strength  of  the  pepsin  solution, 

*  (Miitt«'ti<h^n  and   Paiiit<'r.     Studies   from   Liiboratory  of  Physiological   Cliemistry. 
vol.  ii;  p.  \^J'i. 
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and  the  length  of  time  the  casein  is  subjected  to  the  action  of  the 
ferment.  In  our  earlier  work  with  the  proteoses,  we  deemed  it  es- 
sential in  attempting  a  study  of  the  primary  products  of  proteolytic 
action  to  use  as  weak  a  ferment  solution  as  possible,  and  to  discon- 
tinue its  action  as  soon  as  solution  of  the  proteid  was  complete,  in 
order  that  there  might  not  be  too  great  a  loss  through  formation  of 
peptone.  Further  study,  however,  especially  by  use  of  the  am- 
monium sulphate  reaction,  has  shown  us  that  the  formation  of  pep- 
tone is  a  far  less  rapid  process  than  generally  supposed.  Indeed,  in  the 
majority  of  artificial  digestions  with  pepsin-hydrochloric  acid,  as  or- 
dinarily conducted,  the  ammonium  sulphate  reaction  will  show  the 
entire  absence  of  peptone.  True  peptone  appears  to  be  formed  only 
by  the  action  of  a  very  vigorous  pepsin  mixture  and  that  long  con- 
tinued. 

In  all  of  our  previous  experiments,  the  casein  was  either  subjected 
to  the  action  of  a  very  weak  pepsin  mixture  or  else,  in  the  use  of  a 
stronger  ferment,  exposed  to  its  action  for  a  few  hours  only.  We 
now  find  that  by  using  a  far  more  vigorous  pepsin  mixture  and  by 
continuing  its  action  for  several  days  instead  of  hours,  there  is  still 
not  a  trace  of  peptone  to  be  found  in  the  filtrate  from  the  ammonium 
sulphate  precipitate  of  the  caseoses,  but  that  the  caseoses  them- 
selves, particularly  the  proto  and  deuterocaseose,  differ  somewhat, 
both  in  composition  and  reactions  from  the  products  previously  sep- 
arated. The  discovery  of  this  fact  has  led  us  to  a  further  study  of 
the  caseoses  formed  in  pepsin  digestion,  by  which  we  have;  been  able 
in  many  ways  to  verify  our  former  observations  and  at  the  same 
time  extend  our  knowledge  of  these  interesting  primary  cleavage 
products  of  casein.  We  have  also  extended  our  work  by  studying 
the  caseoses  formed  through  the  action  of  trypsin,  and  dilute  sul- 
phuric acid. 

A,     Caseoses  formed  by  pepsin-hydrochloric  acid. 

In  all  of  these  experiments  the  pepsin  mixture  was  very  power- 
ful, and  was  especially  prepared  to  insure  freedom  from  both  albu- 
moses  and  peptone.*  The  casein  was,  likewise,  thoroughly  pure, 
having  been  freshly  prepared  from  skim  milk  by  precipitation 
with  0*2  per  cent,  hydrochloric  acid,  and  reprecipitation  three  or  four 
times  after  solution  in  ammoniacal  water. 

*  Studies  from  the  Laboratory  of  Physiological  Chemistry,  vol.  ii,  p.  133. 
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Digestion  A, 

Nearly  2  kiloK.  of  moist  casein  were  warmed  at  40^*  C.  (bri 
little  more  than  two  days,  with  10  litres  of  0*4  per  cent,  hydi^l 
chloric  acid  containing  suflicient  of  the  pepsin  mixtare  to  insure  m 
orous  action.  After  partial  neutralization  of  the  aoid,  the  clear  id 
was  filtered  from  the  semi -gelatinous  dyspeptone,  made  exactly  vt\ 
tral  with  sodium  hydroxide  and  then  evaporated  until  modentdj 
concentrated.  On  tiltering  the  concentrated  fluid  through  paper,i 
small  rcHidue  remained,  somewhat  gummy,  insoluble  in  dilate  add, 
but  readily  soluble  in  dilute  sodium  carbonate,  from  which  it  wii{ 
precipitated  by  either  hydrochloric  or  acetic  acid.  The  amount  wit  I 
too  small  for  study,  but  it  seemed  to  resemble  in  reactions  casdi ! 
dyspeptone. 

The  neutral  fluid  containing  the  caseoses  gave  no  precipiUU 
whatever  on  addition  of  0*4  per  cent,  hydrochloric  acid  or  e?ei 
stronger  acid,  and  in  this  respect  differs  from  the  earlier  digM- 
tions  in  which  the  ferment  action  was  continued  for  a  short  Ume 
only.  With  dilute  acetic  acid,  however,  a  slight  turbidity  was  pro- 
duced, the  amount  of  which  was  too  small  to  admit  of  any  study  o( 
its  character. 

The  caseoses  were  precipitated  collectively  in  the  form  of  a  heavf 
gummy  precipitate,  by  saturation  of  the  neutral  fluid  with  ammo- 
nium sulpliate.  On  boiling  the  iiltrate  from  this  ammonium  sulphate 
pr(*cipit:ite,  a  small  <|uaiitity  of  a  second  gummy  precipitate  wa> 
obtained.  In  the  filtrate  from  this  second  precipitate,  no  trace  of  a 
peptone-like  body  could  be  discovered  by  any  of  the  ordinary  tests. 
Apparently  only  caseose  bodies  had  been  formed. 

The  first  and  main  ammonium  sulphate  precipitate,  after  beins; 
washed  by  trituration  with  a  saturated  solution  of  ammonium  sul- 
j»}iate,  was  dissolved  in  water  and  the  perfectly  neutral  fluid  satu- 
rated in  the  cold  with  sodium  chloride.  By  this  means  a  heavy 
gununy  precipitate  was  formed,  which  after  being  washed  with  a 
saturated  solution  of  sodium  chloride  was  redissolved  in  water,  and 
reprecipitatcMl  by  saturation  of  the  neutral  fluid  with  salt.  After 
three  or  four  reprecipitations,  the  protocaseose  was  considered  suffi- 
ciently pure. 

In  this  tligestion,  there  appeared  to  be  present  more  heterocaseosc 
and  dyscaseose  tlian  in  our  former  experiments,  as  was  evidenced  by 
the  small  insoluble  residues  remaining  each  time  the  precipitated 
protocaseose  was  redissolved  in  water.     These  residues  of  hetero-  and 
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dyscaseose  were  very  small,  but  still  suflSciently  large  to  enable  us 
to  make  out  their  general  characters.  Similarly,  Dr.  Thierfelder* 
found  in  the  purification  of  his  protocaseose,  or  "  propeptone  I"  as 
he  terms  it,  a  small,  insoluble  residue  each  time  he  dissolved  the 
sodium  chloride  precipitate  in  water.  It  would  appear,  therefore, 
that  in  a  vigorous  or  long  continued  digestion  there  is  a  much  greater 
probability  of  the  hetero  body  being  formed  than  when  the  ferment 
is  allowed  to  act  only  a  short  time  on  the  casein.  This,  however,  is 
contrary  to  Neumeister's  views  regarding  the  order  of  formation  of 
the  proteoses. 

In  order  to  free  the  precipitated  protocaseose  from  salt  and  any 
adhering  heterocaseose,  it  was  dissolved  in  water  and  dialyzed  until 
all  chloride  was  removed.  The  neutral  solution  was  then  concen- 
trated to  a  syrup,  and  the  proto  body  precipitated  by  alcohol. 
During  the  concentration  of  the  fluid,  a  gummy-like  mass  separated, 
similar  to  the  separation  of  protoelastose.  This,  however,  dissolved 
more  or  less  completely  as  the  mixture  cooled.  The  precipitated 
caseose,  after  being  extracted  several  times  with  alcohol  and  with 
warm  ether,  was  partially  dried,  ground  to  a  fine  powder,  re- 
extracted  with  ether  in  a  fat  extractor  and  finally  dried  at  110°  C. 
until  of  constant  weight. 

On  analysis  it  gave  the  following  results : 

Protocaseose  A, 

I.  0*4947  gram  substance  gave  0-9794  gram  CO,=53-98  per  cent.  C. 

II.  0-3802  gram  substance  gave  0-2397  gram  H,O=7-00  per  cent.  H. 

III.  0-3862  gram  substance  gave  0-2467  gram  H,O  =  7-09  per  cent. 
H  and  0*7670  gram  00^  =  54-15  per  cent.  C. 

IV.  0-4953  gram  substance  gave  64*8  c.  c.  N  at  20*8°  C.  and 
760*3  mm  pressure  =  15*72  per  cent.  N. 

V.  0*3764  gram  substance  gave  50*1  c.  e.  N  at  22*5°  C.  and  760-6 
mm  pressures  15*95  per  cent.  N. 

VI.  0-4599  gram  substance  gave  0*0046  gram  ash  =  1-00  per  cent. 

VII.  0-4103  gram  substance  gave  0*0041  gram  ash  =  0*99  per  cent. 

Percentage  comi)osition  of  ash-free  substance. 

Average. 

C        54*53        54*69        54*61 

H  ....  7-11        7*07        7-11 

N  15-88        16*11  15-99 


♦Zur  Kenntniss  dor  Caseiupoptonc,  ZeitHclirifit  fur  physiologiHclie  Chemie,  x,  p.  577. 
Trans.  Conx.  Acad.,  Vol.  VIII.  11  Nov.,  1888. 
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This  protocaseose  is  thus  seen  to  have  a  higher  percentage  of  car- 
bon than  the  proto  bodies  previously*  studied,  although  one  prod* 
uct  was  then  obtained  with  53'93  per  cent.  C,  7*17  per  cent.  H,  and 
16*05  per  cent.  N. 

In  reactions,  likewise,  this  protocaseose  differs  somewhat  from  the 
protocaseoses  previously  obtained,  and  as  the  characters  of  the  pres- 
ent body  have  been  verified  by  the  reactions  of  several  other  pro<l- 
ucts  similarly  produced,  we  are  led  to  believe  in  their  constancy. 
Moistened  with  water,  the  powdered  protocaseose  becomes  immedi- 
ately gummy  and  soon  dissolves  to  a  perfectly  clear  fluid,  which  on 
addition  of  considerable  water  becomes  decidedly  cloudy  or  tur- 
bid. Treated  with  a  large  amount  of  water  at  the  outset,  the  pro- 
tocaseose dissolves  more  slowly,  giving  a  more  or  less  turbid  fluid. 
In  dilute  acid  and  in  dilute  sodium  carbonate  it  dissolves  to  a  per- 
fectly clear  fluid. 

Towards  heat,  aqueous  solutions  of  protocaseose  act  exactly  like 
protoelastose.  Even  when  warmed  very  gently,  the  solution  be- 
comes quickly  turbid  and  if  concentrated  gives  more  or  less  of  a  floccu- 
lent  precipitate.  On  cooling,  the  turbidity  disappears,  reappearing 
as  the  fluid  is  heated.  Like  protoelastose  also,  a  solution  of  the 
caseose  body  on  being  rapidly  concentrated  deposits  more  or 
less  of  the  substance  as  a  gummy  mass,  which,  however,  will  dis- 
solve in  cold  water,  or  if  tlie  fluid  is  not  too  concentrated  will  dis- 
solve in  the  mother  li(iuid  as  it  cools.  Dilute  acetic  acid  added  to 
an  a(iueous  solution  of  protocaseose  gives  no  precipitate  whatever, 
but  potassium  ferrocyanide  added  to  the  acid  fluid  gives  a  heavy 
j)recipitate. 

Dilute  hydrochloric  acid  produces  no  precipitate. 

Dilute  nitric  acid  added  to  an  aqueous  solution  of  the  casooso 
gives  a  heavy  white  precipitate,  which  on  gently  warming,  quickly 
dissolves  while  the  fluid  takes  on  a  faint  pink  or  rose  color,  which 
on  further  wanning  changes  to  a  bright  yelFow  or  reddish  yellow 
color.  If  the  nitric  acid  solution  is  not  warmed  too  long,  the  pre- 
cipitate reappears  as  the  mixture  cools. 

Solution  of  cupric  sulphate  gives  a  heavy,  greenish  white  precipi- 
tate when  added  to  an  aqueous  solution  of  protocaseose. 

As  already  stated,  the  first  precipitates  of  protocaseose  obtained 
by  saturating  the  neutralized  digestive  fluid  with  salt,  were  not  en- 
tirely  soluble    in    water;    a    small    residue    remained,    apparently 


*  Sc»o  Chittenden  and  Painter.      Studies  from   Laboratory  of  I'hysiological    Oheni- 
istrv,  Yale  University,  vol.  ii,  p.  UH. 
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wholly  insoluble.  This  residue,  which  by  analogy  should  consist  of 
hetero  and  dysoaseose  was  somewhat  soluble  in  salt  solution  and 
wholly  soluble  in  dilute  sodium  carbonate  and  dilute  acid,  both  acetic 
and  hydrochloric,  even  dissolving  in  0*2  per  cent,  hydrochloric  acid. 
It  was  dissolved  in  sodium  carbonate,  the  fluid  neutralized  without 
giving  any  precipitate,  and  dialyzed  until  the  sodium  chloride  was 
entirely  removed.  The  neutral  and  clear  fluid  was  then  concentrated 
to  a  syrup,  precipitated  by  alcohol  and  the  precipitate  dried  at  110°  C. 
On  treatment  with  cold  water,  it  was  now  found  soluble  to  a  large 
extent,  though  a  certain  amount  of  gummy  matter  was  still  insolu- 
ble. The  soluble  portion  showed  all  of  the  reactions  of  the  proto 
body ;  the  solution  being  rendered  turbid  by  heat,  clear  again  on 
cooling,  and  giving  in  the  cold  a  heavy  precipitate  with  nitric  acid, 
soluble  when  heated.  This  behavior  of  the  insoluble  heterocaseose 
towards  dilute  sodium  carbonate  would  seem  to  imply  a  conversion 
of  this  substance  into  protocaseose,  or  perhaps  a  reconversion  of  the 
coagalated  heterocaseose  dyscaseose,  into  heterocaseose  proper. 

A  cetic  acid  precipitate. 

On  adding  a  little  30  per  cent,  acetic  acid  to  the  original  salt- 
saturated  filtrate  from  the  first  sodium  chloride  precipitate  of  proto- 
caseose, etc.,  a  heavy,  flocculent  precipitate  settled  out,  which  in 
amount  far  exceeded  the  protocaseose  and  which  on  standing,  soon 
became  gummy.  Excess  of  acid  was  avoided,  as  the  precipitate 
was  somewhat  soluble  in  a  large  amount  of  the  reagent.  The 
gummy  mass,  after  being  washed  as  thoroughly  as  possible  with 
saturated  salt  solution,  was  treated  with  cold  water,  in  which  the 
greater  portion  of  the  substance  dissolved,  the  solution  made  neu- 
tral, dialyzed,  concentrated  to  a  syrup,  and  the  substance  precipitated 
with  alcohol.  It  was  then  thoroughly  extracted  with  ether  and 
finally  dried  at  110°  C. 

In  reactions,  it  differed  decidedly  from  protocaseose;  in  water 
it  was  quickly  and  completely  soluble  and  the  solution  when  heated 
gave  no  coagulum  whatever,  or  at  the  most  only  the  slightest  ap- 
proach to  a  turbidity. 

Dilute  nitric  acid,  in  the  cold,  gave  no  precipitate ;  when  heated,  the 
acid  fluid  changed  to  a  reddish  yellow  color,  which  quickly  turned 
yellow. 

With  acetic  acid,  an  aqueous  solution  of  the  substance  remained 
perfectly  clear.  Potassium  ferrocyanide,  however,  when  added  to 
the  acid  fluid  gave  a  heavy  precipitate. 
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Saturation  of  the  aqueoas  solution  with  salt  gave  a  slight  turbidity. 
Cupric  sulphate  gave  a  heavy  precipitate,  soluble  in  excess. 
On  analysis,  the  substance  gave  the  following  results,  which  show 
a  composition  Ijuite  different  from  that  of  protocaseose. 

Acetic  Add  Precipitate  A, 

I.  0*4629  gram  substance  gave  0-2812  gram  H^O=6-74   per  cont. 
11  and  0-8608  gram  CO, =60-71  per  cent.  C. 

II.  0-3277  gram  substance  gave  0*1977  gram  H,0  =  6-70   |>er  cent. 
H  and  0-6050  gram  00^=50-34  per  cent.  C. 

in.  0-4253  gram  substance  gave  53-1  c.  c.  N  at  130"  C.  and  761->\ 
mm  pressure  =15-01  per  cent.  N. 

IV.  0-4843  gram   substance  gave  60-8  c.  c.   N   at    13-0''    C.  and 
760-8  mm  pressure=15-07  per  cent.  N. 

V.  0*3649  gram  substance  gave  0-0108  gram  ash  =  2 "96  por  cent. 

VI.  0-3947  gram  substance  gave  0-0124  gram  ash=3-14  per  cent. 

Percentage  composition  of  ash-free  substance, 

Averai^. 

,5;^'IO 

rr9S 

15-48  15-54  /.7-57 

As  previously  stated,  the  above  original  precipitate  produced  l»y 
acetic  acid  was  not  entirely  soluble  in  water.  A  small  residue 
reinained,  which  after  being  washed  with  water  was  dissolved  in 
dilute  sodium  carbonate,  and  the  solution  neutralized  with  dilute 
hydrochloric  acid,  without  yielding  any  neutralization  i)recipitate. 
The  solution  was  then  dialyzed,  concentrated  to  a  syrup  and  the 
substance  i)reei]>itated  by  alcohol.  It  was  now  found,  to  a  ujreat 
extent,  soluble  in  water,  I  he  solution  showing  no  turbidity  by  heat 
and  giving  no  precipitate  with  nitric^  acid.  Cupric  sulphate  gave  a 
heavy  ])recipitate,  and  dilute  acetic  acid  added  to  the  aqueous  solu- 
tion produced  (juite  a  heavy  precipitate,  not  readily  soluble  in  excess 
of  the  acid.  The  amount  of  substance  was  too  suiall  to  admit  of 
analysis,  and  the  reactions  are  hardly  sufficient  to  identify  it.  It  is 
evidently  not  heterocaseose,  for  it  is  only  the  acetic  acid  compound 
that  is  insoluble  in  water,  not  the  caseose  substance  itself.  In  manv 
res|)ccts  it  a])pears  like  casein  dyspoptone,  and  as  this  substance 
is  precipitate<l  by  saturation  of  its  a(|ueous  solution  with  ammonium 
sulphate  and  not  by  sodium  chloride,  the  presence  of  a  trace  of  this 
body  might  not  be  impossible. 


c 

52-80 

51-92 

H 

6-96 

6-90 

N 
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Ammonium  sulphate  precipitate. 

On  adding  ammonium  sulphate  in  substance  to  the  above  salt- 
saturated  acetic  acid  fluid,  a  slight  gummy  precipitate  was  obtained, 
readily  and  completely  soluble  in  water,  and  which,  after  removal  of 
the  salts  by  dialysis  and  concentration  of  the  fluid,  was  precipitated 
by  alcohol.  In  reactions  it  did  not  differ  materially  from  the  body 
obtained  by  precipitation  with  acetic  acid,  except  that  with  cupric 
sulphate  only  a  slight  precipitate  was  produced.  With  acetic  acid 
and  potassium  ferrocyanide,  on  the  other  hand,  a  distinct  precipitate 
was  obtained,  while  with  nitric  acid  in  the  cold  no  turbidity  whatever 
was  produced. 

In  composition,  however,  it  differed  decidedly  from  the  preceding 
preparations,  although  as  it  contained  considerable  ash,  nearly  10  per 
cent.,  the  result  perhaps  can  be  considered  only  as  an  approximation 
to  the  truth. 

Following  is  the  percentage  composition  of  the  ash-free  substance : 

Average. 

4S'S3 

6-94, 

15-63  *  15-75  15-60 

This  body,  which  by  analogy  should  be  nearly  pure  deutero- 
caseose,  evidently  approaches  much  nearer  to  our  conception  of  a 
true  casein  peptone  than  any  of  the  preceding  preparations.  Another 
body,  however,  has  been  obtained  with  a  still  lower  content  of 
carbon  and  with  reactions  still  more  closely  approximating  to  true 
peptone. 

In  the  first  precipitation  of  the  caseoses  from  this  digestion  by 
saturation  of  the  original  fluid  with  ammonium  sulphate,  it  will  be 
remembered  that  a  small  amount  of  a  second  gummy  precipitate  was 
obtained  on  heating  the  cold  saturated  ammonium  sulphate  filtrate. 
This  gummy  precipitate  of  a  caseose  body,  after  purification  by 
dialysis  and  precipitation  with  alcohol,  was  found  to  consist  of  a 
substance  extremely  soluble  in  water,  the  solution  giving  no  precipi- 
tate with  acetic  acid  and  potassium  ferrocyanide,  neither  with  nitric 
acid  nor  with  cupric  sulphate.  After  being  dried  at  110°  C.  it  gave 
on  analysis  the  following  results  : 

I.  0*7280  gram  substance  gave  0*4239  gram  11^0  =  0*40  per  cent. 
H  and  1*2160  grams  00.^  =  45*54  per  cent.  C. 

II.  0*5020  gram  substance  gave  0*2905  gram  11^0  =  6*40  per  cent. 
H  and  0*8442  gram  CO.^  =  45-85  per  cent.  C. 


c 

48.33 

4813 

H 

6*88 

7*01 

N 
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III.  0-3291  gram  snbfitance  gave  42-1  c.  c.  N  at  13-9®  C.  and 
756  mm  pres8ure= 15*33  per  cent.  N. 

IV.  0*6835  gram  substance  gave  87*0  c.  c.  N  at  14-5°  C.  and 
756  mm  pre8sure= 15*30  per  cent.  N. 

V.  0*5370  gram  substance  gave  0*0230  gram  a8h=4-28  per  cent. 

VI.  0*3525  gram  substance  gave  0*0154  gram  a8b=4-36  |>er  cent. 

Percentage  composition  of  ash -free  substance. 

Average. 
C  47-57  47-87  ....  ....  47'7j^ 

H  6-75  6-7()  ....  6-7J 

N  .---  --.-  15-99  15*96  I5'97 

This  substance,  since  it  is  precipitable  by  ammoDiuni  sulpbate, 
cannot  be  considered  a  true  peptone,  yet  in  composition  it  closely 
approaclies  both  the  ampho-  and  antipeptone  from  fibrin,*  wbich  it 
also  resembles  somewhat  in  reactions,  except  in  its  bebavior  towards 
ammonium  sulphate. 

It  is  thus  evident  from  the  foregoing,  that  in  this  active  and  com- 
paratively long  continued  digestion  there  is  a  mucb  smaller  amount 
of  protocaseose  present  than  was  found  in  our  former  experiments. 
Indeed,  deuterocaseose  appears  to  predominate,  while  at  the  same 
time  the  protocaseose  is  modified  both  in  composition  and  reactions, 
due  in  j)art  without  doubt,  to  adhering  heterocaseose.  Farther, 
w'v  :ire  inclined  to  consider  the  presence  of  at  least  two  forms  of  deu- 
terocaseose. We  Iiave  generally  considered  that  a  proto  body  is  never 
com]»lete]y  precipitated  by  satunition  of  its  aqueous  solution  with 
salt,  and  that  consequently  tlie  preci])itate  produced  by  acid  in  the 
salt-saturated  fluid  must  be  a  mixture  of  proto  and  deuteroproteose,  and 
this  we  have  usually  found  to  be  the  case.  In  the  present  dio-es- 
tion,  however,  the  acetic  acid  preci})itate  contained  only  a  very  small 
amount  of  protocaseose,  for  as  previously  stated  this  precipitate  when 
purified  gave  only  a  slight  turbidity  on  saturation  of  its  aqueous  solu- 
tion with  salt  and  no  precipitate  whatever  with  nitric  acid  ;  both  of 
which  reactions  would  indicate  freedom  from  any  large  amount  of  pro- 
tocaseose. This  view  is  further  substantiated  by  the  great  difference 
in  the  percentage  of  carbon  of  the  two  bodies.  To  be  sure  we  have 
with  Neumeister,  looked  on  the  cupric  sulphate  reaction  as  a  means 
of  distinguishing  between  proto  and  deuteroalbumose,  but  it  does 
not  necessarily  follow  that  the  same  reaction  will  hold  good  for  all 
proteoses.     The  acetic   acid   precipitate   does   indeed  give  a  strong' 

*  KiJhtie  and  ('hittcnden.  Studies,  vol.  ii,  p.  40. 
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reaction  with  cupric  sulphate,  but  the  striking  differences  in  composi- 
tion and  reactions  between  the  purified  sodium  chloride  precipitate 
and  the  acetic  acid  precipitate  (when  freed  from  acid)  point  to  a 
totally  different  nature,  and  we  are  inclined  to  consider  the  latter  as 
a  deutero  body,  probably  contaminated  with  a  little  protocaseose, 
and  for  convenience  we  propose  to  call  it  a  deuterocaseose. 

It  is  unquestionably  very  diflScult,  if  not  almost  impossible,  to  isolate 
the  individual  caseoses  in  a  state  of  perfect  purity.  Whenever  one 
is  precipitated,  it  usually  brings  down  with  it  more  or  less  of  any 
other  caseose  present  and  such  admixtures  are  very  hard  to  remove. 
It  is,  we  think,  owing  to  this  fact  that  we  have  not  been  able  to 
obtain  a  deuterocaseose  sufficiently  free  from  protocaseose  as  not  to 
give  any  precipitate  on  saturation  with  sodium  chloride. 

That  form  of  caseose  in  this  digestion  which  was  not  precipitated 
by  salt,  or  by  salt  and  acetic  acid,  but  which  appeared  on  addition  of 
ammonium  sulphate  in  the  cold,  is  probably  a  mixture  of  a  deutero  and 
and  what  we  term  /?  deuterocaseose,  with  possibly  an  intermediate 
body. 

The  name  ft  deuterocaseose,  we  apply  to  that  caseose  not  readily 
precipitable  by  saturation  with  ammonium  sulphate  in  the  cold,  and 
which  is  generally  found  in  a  greater  or  less  quantity  in  the  filtrate 
from  the  precipitate  produced  by  saturation  with  ammonium  sulphate. 
It  is  precipitated  fairly  pure,  as  a  sticky  gum,  by  simply  boiling  the 
saturated  ammonium  sulphate  filtrate  and  is  especially  characterized 
by  its  low  content  of  carbon,  and  by  its  non-precipitation  with  acetic 
acid  and  potassium  ferrocyanide,  with  nitric  acid,  and  with  cupric  sul- 
phate. It  stands,  unquestionably,  nearer  to  peptone  than  a  deu- 
terocaseose and  is  doubtless  formed  from  the  latter  by  the  continued 
action  of  the  ferment. 

Digestion  B, 

In  this  digestion,  2  kilos,  of  moist  casein  were  warmed  at  40°  C. 
for  eight  days,  with  about  5  litres  of  0*4  per  cent,  hydrochloric  acid 
containing  an  active  pepsin  solution,  after  which  the  mixture  was 
partially  neutralized  with  sodium  carbonate  and  filtered  from  the 
dyspeptone.  The  clear  fluid  was  then  made  exactly  neutral  (no  neu- 
tralization precipitate)  and  concentrated  to  a  thin  syrup.  When  cold, 
proto  and  heterocaseose  were  directly  precipitated  by  saturation 
of  the  solution  with  salt.  Protocaseose  was  purified  by  repeated 
precipitation  with  salt,  etc.,  as  described  under  A.  In  this  process, 
the  same  insoluble  residues  of  hetero  and  dyscaseose  were  met  with 
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as  in  the  previous  digestion.  The  purified  protooaseose  6howe4l  the 
same  peculiar  reactions  as  protocaseose -^.,  viz:  with  nitric  acids 
heavy  white  precipitate,  soluble  on  warming;  with  heat  alone,  a  <li^ 
tinct  turbidity  or  coaguhim,  disappearing  as  the  solution  cooled;  an«l 
giving  with  a  large  amount  of  water  a  more  or  less  turbid  fluid,  from 
which  on  standing  a  little  gummy  matter  separated. 

Dried  at  110°  (\  and  analyzed,  the  following  results  "were  obtained. 

Protocaseose  B, 

I.  0-3470  gram  substance  gave  0-2 1 02  gram  11,0=:  7-02  per  cent.  H. 

II.  0-2935  gram  substance  gave  0*1 854  gram  H^O  =  '7"01  per  cent. 
II  and  0-5779  gram  CO,=53-69  per  cent.  C. 

III.  0*2952   gram    substance   gave  0*5853  gram  CO,  =  54*07  per 
cent.  V. 

IV.  0-2989  gram  substance   gave  38*6  c.  c.  N   at    l^-R""   C.  ami 
7(U>*1  mm  pres8ure=l5'52  percent.  N. 

V.  0*5564   gram   substance  gave   72*8  c.c.   N  at    13-1°  C.  and 
760*1  mm  pressure=  15*69  per  cent.  N. 

VI.  0*3594  gram  substance  gave  0*0047  gram  ash=:l*30  per  < 

VII.  0*3523    gram   substance   gave    0*0045    gram  ash  =  1-27 


cent, 
per 


cent. 


Percentage  composition  of  ash -free  substance. 

Average. 

r         ...  r>4-7T         .M^o  r>4*r>8 

H  710  709  ....  .  ....  7-10 

N  ...  .     .  ....  15-71  lo-OO  15-80 

In  eonii>osition,  tlicreforc,  :is  in  reactions,  this  body  is  apparently 
identical  with  protocaseose   A. 

In  the  orijjjiiijil  salt-saturated  filtrate  from  protocaseose,  acetie 
acid  ])roduced  a  heavy,  gummy  precipitate,  which  was  dissolved  in 
water  an<l  piiritied  in  the  same  manner  as  the  corresponding  bodv  in 
digestion  A.  Like  the  latter,  it  was  readily  and  completely  soluble 
in  water,  the  solution  giving  no  turbidity  whatever  by  heat,  nor  on 
the  addition  of  either  nitric  or  acetic  acid.  With  cupric  sulphate,  a 
heavy  preci])itate  was  forme<l,  as  also  with  acetic  acid  and  potassium 
ferrocyanide. 

Dried  at  110®  C.  it  gave  the  following  results  on  analysis: 

A^ftft'  (tcUl prtoipitiite  7?. 

1.  0-3429  gram  substance  gave  0-2057  gram  1I./)=:C*66  per  cent. 
H  and  0-(>315  gram  CO..=50*22  per  cent.  C'. 
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II.  0*4345  gram  substance  gave  0*2784  gram  H,0=6'72  per  cent. 
H  and  0*8358  gram  CO,=50*48  per  cent.  C. 

III.  0*3316  gram  substance  gave  43*5  c.  c.  N  at  13*7°  C.  and 
756*3  mm  pressnre=  15*70  per  cent.  N. 

IV.  0*3258  gram  substance  gave  43*1  c.  c.  N  at  13  ^'^  C.  and  759*1 
mm  pressure =15*86  per  cent.  N. 

V.  0*3306  gram  substance  gave  0*0126  gram  ashz=3*81  per  cent. 

VI.  0*2262  gram  substance  gave  0*0085  gram  a8b=3*76  per  cent. 

Percentage  composition  of  ash-free  substance. 

Average. 
C  5217  52*48  ....  ....  SiS'SO 

H  6-92  6*99  ....  6-9S 

N  ....  ....  16*82  16*49  16'j^ 

This  body  appears  to  differ  from  a  denterocaseose  obtained  in 
digestion  A  by  nearly  1  per  cent,  of  nitrogen,  but  in  all  other  respects 
is  practically  identical  with  it. 

As  in  digestion  A,  the  precipitate  first  obtained  by  the  addition  of 
acetic  acid  was  not  entirely  soluble  in  water,  a  residue  remained 
soluble  in  dilute  sodium  carbonate,  and  which  comported  itself 
exactly  like  the  insoluble  residue  obtained  in  the  preceding  diges- 
tion, apparently  being  a  trace  of  casein  dyspeptone. 

The  original  filtrate  from  the  above  acetic  acid  precipitate,  on 
saturation  with  ammonium  sulphate,  gave  an  additional  precipitate, 
hardly  sufficient  for  analysis,  but  which  when  purified  proved  to  be 
identical  with  the  corresponding  body  from  A  and  like  it  giving 
with  cupric  sulphate  only  a  very  slight  precipitate. 

It  is  thus  seen  that  in  a  vigorous  pepsin  digestion  of  casein  there 
are  formed,  in  addition  to  dyspeptone  and  heterocaseose,  at  least  three 
distinct  caseoses  all  soluble  and  differing  from  each  other  both  in 
composition  and  reactions.  As  compared  with  casein,  protocaseose 
is  somewhat  peculiar  in  containing  a  higher  percentage  of  carbon 
than  the  mother  substance.  All  of  the  other  products  show  a  very 
much  smaller  content  of  carbon.  The  relative  composition  of  the 
products  is  shown  in  the  following  table  : 


Proto- 

Proto- 

a Deutero- 

a  Dentero- 

/? Deutero- 

Casein. 

caseose 

caseose 

caseose 

caseose 

caseose 

A, 

B. 

A. 

B. 

A, 

c 

53-30 

54-61 

54-58 

52*10 

52*80 

47*72 

H 

7-07 

7*11 

7-10 

6-98 

6*95 

6-78 

N 

15-91 

15-99 

15-80 

15*51 

16*40 

15*97 
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I^tooMeoee  agrees  closely  in  its  content  of  carbon  with  the 
"  propeptone  I "  of  Thierfelder.*  This  investigator  has  separated 
from  a  pepsin  digestion  of  casein,  by  a  process  similar  to  our  method 
of  separating  the  proto  body,  a  substance  to  which  he  gives  th« 
above  name  and  which  contained  54*63  per  cent,  of  carbon  and  7*45 
per  cent,  of  hydrogen.  In  reactions  it  was  similar  to  protocaseofe, 
except  that  aqueous  solutions  of  the  substance  remained  perfectly 
clear  on  warming.  Nitrogen  was  not  determined.  Thierfelder  also 
separated  from  the  filtrate  from  his  "  propeptone  I,**  a  second  body, 
by  addition  of  hydrochloric  acid,  to  which  he  gives  the  name  *'  pro- 
peptone II."  This  substance,  which  corresponds  to  our  a  deutero- 
caseose,  he  found  to  contain  49*8  per  cent,  carbon,  7-18  per  cent, 
hydrogen  and  14-28  per  cent,  nitrogen.  Judging  from  the  method 
of  separation,  however,  the  body  analyzed  must  have  been  an  acid 
compound  of « the  caseose  and  not  the  caseose  body  itself.  In  reac- 
tions, so  far  as  they  are  given,  the  substance  was  not  different  from 
a  deuterocaseose. 

b.  Caeeosesfrom  WeyVe  casein  peptone. 

This  commercial  product,  sent  to  us  from  Germany,  we  have 
examined  according  to  the  foregoing  methods  and  have  found  it,  as 
might  be  expected,  composed  almost  entirely  of  caseoses.  It  was 
completely  soluble  in  water  and  gave  with  acetic  acid  a  slight  tur- 
bidity, somewhat  increased  by  addition  of  potassium  ferrocyanide. 
By  saturation  of  its  aqueous  solution  with  sodium  chloride,  only  a 
comparatively  small  precipitate  was  obtained,  greatly  increased,  how- 
ever, by  addition  of  acetic  acid. 

200  grams  of  the  powder  were  dissolved  in  water  and  the  caseoses 
precipitated  collectively  by  saturation  of  the  fluid  with  ammonium 
sulphate,  in  the  form  of  a  heavy  gummy  precipitate.  On  heating 
the  filtrate  from  this  precipitate  of  caseoses  until  a  crust  of  ammo- 
nium sulphate  formed  on  the  surface  of  the  hot  fluid,  a  second 
gummy  precipitate  gradually  separated,  which  after  purification  by 
dialysis,  etc.,  was  finally  precipitated  by  alcohol,  and  a  poilion  dried 
at  110°  C.  for  analysis. 

This  substance,  representing  a  form  of  caseose  not  readily  precipi- 
table  by  ammonium  sulphate  and  thus  indicating  its  close  approach 
to  true  peptone,  is  apparently  identical  with  the  //  deuterocaseose 
similarly  obtained  in  our  own  digestion,  but  present  here  in  much 


Zoitechrift  fiir  phygiologisclie  Chcniie,  Hand  x,  p.  586. 


mid  Casein  Peptone,  91 

larger  quantity.  In  water  it  was  readily  and  completely  solable, 
the  solution  giving  no  turbidity  whatever  by  heat,  nor  with  dilute 
nitric  acid.  With  cupric  sulphate  only  a  very  slight  turbidity  was 
produced,  and  with  acetic  acid  and  potassium  ferrocyanide  a  corre- 
spondingly slight  turbidity.  Its  aqueous  solution  on  being  saturated 
with  salt  and  then  made  slightly  acid  with  acetic  acid  showed  a  small 
flocculent  precipitate,  doubtless  representing  the  substance  which 
gave  the  slight  turbidity  with  cupric  sulphate  and  potassium  ferro- 
cyanide, viz  :  a  deuterocaseose.  On  analysis  the  following  results 
were  obtained  : 

ft  deuterocaseose  from  WeyVs  casein  pepto?ie, 

I.  0'364l  gram  substance  gave  0*2121  gram  H,0=l*47  per  cent. 
H  and  0-6087  gram  CO,=:45-58  per  cent.  C. 

n.  0*4600  gram  substance  gave  0*2708  gram  H,0=6*54  per  cent. 
H  and  0*7652  gram  CO,  =  45*36  per  cent.  C. 

III.  0*3298  gram  substance  gave  42*2  c.  c.  N  at  13*9°  C.  and 
755*4  mm  pressure  =15-31  per  cent.  N. 

IV.  0*3418  gram  substance  gave  43  5  c.  c.  N  at  14*4°  C.  and 
756*1  mm  pressure  =15*31  per  cent.  N. 

V.  0*3514  gram  substance  gave  0*0153  gram  ash  =4*35  per  cent. 

VI.  0*3599  gram  substance  gave  0*0155  gram  ash  =4*30  per  cent. 

Percentage  composition  of  ash-free  substance. 

Average. 
C  47-61  47*40  ....  ....  47'SO 

H  6-76  6-83  ....  ....  6'79 

N  16*00  15-84  15'92 

In  composition,  therefore,  as  well  as  in  reactions,  this  body  re- 
sembles the  /3  deutero  described  under  A,  and  like  it  is  especially 
characterized  by  its  exceedingly  low  percentage  of  carbon. 

From  the  first  ammonium  sulphate  precipitate  of  caseoses,  proto- 
caseose  was  separated  by  saturation  of  the  aqueous  solution  of  the 
above  precipitate  with  salt.  As  in  similar  precipitates  from  the 
preceding  digestions,  there  was  considerable  heterocaseose  present, 
showing  itself  as  an  insoluble  residue  when  the  sodium  chloride  pre- 
cipitate was  dissolved  in  water  for  reprecipitation.  Purified  after 
the  methods  previously  described,  the  protocaseose  showed  the  usual 
reactions  characteristic  of  this  body,  its  aqueous  solution  growing 
turbid  when  heated,  giving  a  precipitate  with  nitric  acid,  etc. 

Dried  at  110°  C.  it  gave  on^analysis  the  following  results  : 
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Protocaseosey  from  Wet/Ps  casein  peptone, 

I.  0*4291  gram  substaDce  gave  0*2597  gram  H,0=6'72  percent 
H  and  0*8140  gram  CO,=51-70  per  cent.  C. 

II.  0*3647  gram  substance  gave  0*2155  gram  H,Os6*56  per  cent 
H  and  0-6935  gram  CO,=5l*85  per  cent  C. 

III.  0*4115  gram  substance  gave  52*5  c.  c.  N  at  ld'6*'  C.  and 
760-8  mm  pre8sure=  15*11  per  cent.  N: 

IV.  0-7730  gram  subsUnce  gave  96*9  c.  c.  N  at  13*8°  C.  and  761*2 
mm  pressui-e=  15*10  per  cent  N. 

y.  0-2901  gram  substance  gave  0*0121  gram  ash=4'l6  per  cent. 
VI.  0-2959  gram  substance  gave  0*0120  gram  ash=4-05  per  cent 

Percentage  composition  of  ash-free  substance. 

Average. 
54'01 
6'9S 
15-75  15-70  15'7£ 

Addition  of  salt-saturated  acetic  acid  to  the  filtrate  from  proto- 
caseose,  gave  a  moderately  heavy,  gummy  precipitate  which,  after 
purification  and  removal  of  the  acid,  was  completely  soluble  lu 
water,  the  solution  showing  no  turbidity  by  heat,  but  giving  a  slight 
turbidity  with  dilute  nitric  acid.  It  gave  all  of  the  reactions  men- 
tioned as  characteristic  of  this  precipitate.      It    was    not    analyzed. 

The  original  filtrate  from  the  acetic  acid  precipitate  gave  on  sat- 
uration with  ammonium  sulphate,  a  small  gummy  precipitate  which 
after  purification  was  found  wholly  soluble  in  water,  the  solution 
giving  no  turbidity  by  heat  and  no  precipitate  with  nitric  or  acetic 
acid.  With  acetic  acid  and  potassium  ferrocyanide,  however,  a  dis- 
tinct turbidity  was  produced  and  with  cupric  sulphate  a  heavy  pre- 
cipitate.    The  substance  was  not  analyzed. 

It  is  thus  evident  that  Weyl's  so-called  casein  peptone,  however  it 
may  be  prepared,  contains  essentially  the  same  kind  of  caseoses 
found  in  our  own  digestions  with  pepsin-hydrochloric  acid.  In  addi- 
tion, a  small  amount  of  a  substance  was  found  not  precipitable  by 
saturation  with  ammonium  sulphate  and  which  gave  no  precipitate 
with  nitric  or  acetic  acid,  nor  with  acetic  acid  and  potassium  ferro- 
cyanide, and  with  cupric  sulphate  only  a  slight  turbidity.  This 
body,  which  doubtless  was  araphopeptoue  mixed  with  a  little 
caseose,  was  obtained  in  too  small  quantity  for  analysis. 
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c\   Cdseoses /ortned  by  dilute  sulphuric  acid  at  100°  C, 

Two  kilos,  of  pure  moist  casein  were  heated  in  a  flask  with  2 
litres  of  water  and  100  graras  of  pure  sulphuric  acid  at  100°  C.  for 
seven  hours.  The  residue  of  casein  and  antialbumid  was  again 
warmed  with  a  like  amount  of  fresh  acid  and  water  for  six  hours. 
The  acid  fluids  were  united,  neutralized  with  sodium  carbonate  with- 
out giving  any  noticeable  precipitate,  and  then  evaporated  until 
moderately  concentrated.  On  cooling,  considerable  tyrosin  and 
leucin  crystallized  from  the  fluid.  With  cupric  sulphate,  the  solution 
gave  a  heavy  precipitate  which  dissolved  in  sodium  hydroxide  with 
a  reddish  color.  Sodium  chloride  and  ammonium  sulphate  both  pro- 
duced heavy  precipitates  when  added  to  saturation. 

The  caseoses  were  separated  from  the  fluid  by  saturation  in  the 
cold  with  ammonium  sulphate,  and  from  this  precipitate,  protocaseose 
was  separated  by  solution  in  water  and  precipitation  with  sodium 
chloride.  The  sodium  chloride  precipitate  was  dissolved  in  water, 
the  substance  reprecipitated  by  saturation  with  salt,  and  again  dis- 
solved in  water  to  which  a  trace  of  sodium  carbonate  was  added 
to  make  the  mixture  quite  neutral.  On  dialysis,  a  small  amount  of 
gummy  heterocaseose  separated,  mixed  with  a  little  tyrosin.  The 
clear  fluid,  now  free  from  salts,  was  concentrated  on  a  water-bath. 
As  the  evaporation  advanced,  a  brown  gummy  mass  settled  out, 
which  was,  however,  readily  soluble  in  cold  water,  for  as  the  concen- 
trated fluid  cooled  at  night  the  gummy  matter  entirely  disappeared, 
reappearing  as  the  fluid  was  again  heated.  The  final  concentrated 
fluid  was  treated  with  alcohol,  the  gummy  precipitate  boiled  with 
alcohol  repeatedly  to  free  it  from  any  adhering  tyrosin,  and  finally 
extracted  with  ether  and  dried  at  110°  C. 

Analyzed,  it  gave  the  following  results  : 

Protocaaeose^  formed  by  sulphuric  acid, 

I.  0-4405  gram  substance  gave  0.2718  gram  H^O=:6'85  per  cent. 
H  and  0-8756  gram  CO,=54-20  per  cent.  C. 

,    II.  0-3783  gram  substance  gave  0-2341  gram  H,0  =  6-87  per  cent. 
H  and  0.7604  gram  CO^=z54-81  per  cent.  C. 

III.  0-3786  gram  substance  gave  48-3  c.  c.  N  at  17*5**  C.  and  753-4 
mm  pressure^  14-93  per  cent.  N. 

IV.  0-3780  gram  substance  gave  47*8  c.  c.  N  at  17*0°  C.  and  754-0 
mm  pressure=  14*84  per  cent.  N. 

V.  0*3701  gram  substance  gave  0'0113  gram  ash=3-05  per  cent. 

VI.  0*5112  gram  substance  gave  0-0154  gram  ash=3-02  per  cent. 
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Fercentage  eompoeiiion  of  adirfree  eubtiamce. 

56*S0 

7-08 

15*40         15*81  Jg'Se 

• 

After  being  dried  at  110^  C.  the  substanoe  diMK>Ived  with  di 
culty  in  jrater,  leaving  a  large  residae,  but  was  readily  and  €0o- 
pletely  solnble  in  0*2  per  cent,  hydrochloric  acid  and  in  0*2  per  oat 
sodium  carbonate.  From  the  alkaline  solution  it  was  repreoipitaled 
by  hydrochloric  acid,  and  not  readily  dissolved  by  an  eToena  of  tbe 
acid.  Aqueous  solution  of  the  substance  was  rendered  tnrbid  by  heit, 
the  turbidity  disappearing:  as  the  solution  cooled.  With  dilate  nitrie 
acid,  a  white  precipitate  was  formed,  readily  soluble  on  warming  and 
reappearing  as  the  solution  cooled.  Acetic  acid  and  potaoaiam  feno- 
cyanide  gave  a  heavy  precipitate. 

Thus  in  many  respects  this  body  resembles  protooaseose  formed 
by  pepsin-hydrochloric  acid,  but  is  apparently  charaoteriaed  by  i 
somewhat  higher  percentage  of  carbon. 

The  filtrate  from  the  original  sodium  chloride  precipitate,  treated 
with  salt-saturated  30  per  cent  acetic  acid,  gave  a  floooulent,  ohan^f 
ing  to  gummy  precipitate  which  was  readily  and  completely  solubli 
in  water.  The  solution  made  exactly  neutral  was  dialyzed  without 
showing  any  evidence  of  a  hetero-like  body,  finally  concentrated  and 
precipitated  by  alcoliol.  After  being  dried  at  110**  C,  the  substance 
was  only  partially  soluble  in  water.  The  aqueous  solution  was  ren 
dered  turbid  by  heat,  clear  again  on  cooling,  and  gave  with  nitric 
acid  a  heavy  white  precipitate  as  also  with  acetic  acid  and  potassiun: 
ferrocyanide. 

Analyzed,  it  gave  the  following  results  : 

Acetic  acid  precipitate  of  caaeose  (a  deuterocctseoae  ?)  farmed  by 

dilute  sulphuric  acid, 

I.  0*4050  gram  substance  gave  0*2383  gram  HgO=6*52  per  cent 
11  and  0-7733  gram  CO,=5l-99  per  cent.  C. 

II.  0*4()97  gram  substance  gave  0*2740  gram  H,0=6*48  per  cent 
II  and  0-8910  gram  GO^=51-73  per  cent.  0. 

III.  0-5379  gram  substance  gave  66*5  c.  c.  N  at  14*9''  C.  and  762-1 
mm  pressure  =14-58  per  cent.  N. 

IV.  0-4150  irram  substance  gave  0-0210  gram  a8h=6-06  per  cent. 

V.  0-5130  gram  substance  gave  0*0247  gram  a8h=:4-80  per  cent. 
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Percentage  composition  of  ash-free  substance. 

Average. 
C             54-68  54-42  ....  64'55 

H                6-86  6-81  ....  €-84 

N  ....  15-83  16'SS 

This  caseose,  instead  of  being  a  pure  deutero  body,  appears  to  be 
a  mixtare  of  proto  and  a  deutero  as  indicated  by  its  behavior  towards 
heat  and  nitric  acid ;  indeed,  the  behavior  of  this  acetic  acid  precipi- 
tate resembles  the  acetic  acid  precipitate  of  caseose  obtained  in  our 
previous  work,  where  the  two  bodies  were  plainly  precipitated  to- 
gether. In  composition,  while  it  agrees  closely  with  protocaseose 
formed  by  pepsin-hydrochloric  acid,  it  has  a  higher  content  of  carbon 
than  the  corresponding  a  deutero,  but  bears  about  the  same  relation 
to  the  sulphuric  acid  protocaseose  as  the  a  deutero  formed  by  pepsin 
to  its  corresponding  protocaseose. 

Oo  boiling  the  original  ammonium  sulphate-saturated  filtrate,  a 
second  gummy  precipitate  gradually  separated  from  the  hot  fluid. 
This  caseose,  after  purification  by  the  usual  methods  and  drying 
at  110°  C,  was  entirely  soluble  in  hot  and  cold  water,  and 
was  especially  characterized  by  yielding  with  acetic  acid  a  heavy 
white  precipitate,  soluble  in  excess  of  the  acid.  With  nitric  acid  it 
also  gave  a  white  precipitate,  soluble  in  excess  of  acid.  Cupric 
sulphate  likewise  gave  a  heavy  precipitate.  The  cold  water  solution 
was  not  rendered  turbid  by  heat. 

Analyzed  it  gave  the  following  results : 

/3  deuterocaseose,  farmed  by  dilute  sulphuric  acid. 

I.  0-3952  gram  substance  gave  0*2308  gram  H,0=6-49  per  cent. 
H  and  0-7282  gram  CO3  =  50-25  per  cent.  C. 

II.  0-3518  gram  substance  gave  0-2064  gram  11^0  =  6-51  per  cent. 
H  and  0-6440  gram  00^  =  49-92  per  cent.  C. 

in.  0-4727  gram  substance  gave  59*2  c.  c.  N  at  15-0°  0.  and 
754-9  mm  pressure  =  14-81  per  cent.  N. 

IV.  0-4279  gram  substance  gave  0*0233  gram  ash  =  5-44  per  cent. 

V.  0-5184  gram  substance  gave  0*0219  gram  ash  =  5*38  per  cent. 

Percentage  compOHition  of  ash-free  Hubstance. 

Avera^-. 
C            53-10              52-77  ....  5;J'!U 

H            6-86               6-89  ....  6\S7 

N  15.66  J5'€6 
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Thus,  this  body,  which  corresponds  to  the  fi  deateroetieov 
formed  by  pepsio-acid,  has  a  relatively  higher  content  of  carboD  vk 
also  varies  in  certain  of  its  reactions,  which  resemble  rather  tbw 
of  a  deatero,  and  even  the  protocaseose  of  a  pepsin  digestion,  tbu 
those  of  a  genuine  P  deutero. 

Altogether,  the  three  caseoses  separated  from  the  salpharic  sol 
solution  of  casein,  while  showing  a  certain  general  relationship  to 
the  caseoses  formed  by  pepsin-hydrochloric  acid,  are  safficientlj 
different  in  their  individual  reactions  to  suggest  at  least  some  diiar- 
ence  in  their  nature. 

d.  CaseQftes  formed  by  the  action  of  trypsin. 

In  subjecting  casein  to  the  action  of  trypsin,  care  was  taken  thai 
the  ferment  solution  should  be  as  free  as  possible  from  all  prodaeU 
of  the  self-digestion  of  the  pancreatic  tissue.  Dried  pancreas  from 
the  ox,  prepared  according  to  Kuhne^s  method,  was  warmed  witb 
O'l  per  cent,  salicylic  acid  at  40°  C.  for  24  hours,  after  which  the  acid 
extract  was  neutralized  and  made  alkaline  with  sodium  carbonate  to 
the  extent  0*3  per  cent  The  alkaline  solution,  well  thymolized,  wai 
warmed  at  40°  C.  for  several  days  in  order  to  convert  the  albaminoni 
matters  present  into  easily  diffusible  products,  after  which  it  wai 
dialyzed  in  running  water  for  some  time,  and  the  solution  ultimately 
evaporated  to  dryness  at  40°  0.  This  residue,  being  extracted  witli 
a  small  volume  of  water,  gives  a  fairly  pure  solution  of  trypsin,  frc( 
from  objectionable  impurities. 

In  the  formation  of  the  caseoses,  2200  grams  of  pure,  moist  caseir 
were  soaked  in  3  litres  of  1  per  cent,  sodium  carbonate  for  severa 
days,  and  the  mixture  well  thymolized  to  prevent  putrefaction.  Th< 
trypsin  solution  was  then  added,  together  with  some  water,  and  tb< 
whole  warmed  at  40°  C.  At  first,  the  mixture  was  quite  limpid,  th< 
casein  being  dissolved  in  the  alkaline  fluid,  but  after  two  or  thre< 
days,  gelatinous  lumps  began  to  appear  on  the  bottom  of  the  disl 
and  finally  a  soft  coagulum  appeared  on  the  surface  and  all  througl 
the  mixture,  resembling  the  separation  of  antialbumid.  This  coagu 
lum  gradually  disappeared  and  at  the  end  of  five  days  the  digestioi 
was  stopped,  and  the  alkaline  fluid  filtered  from  the  undigested  resi 
due.  The  latter  was  thoroughly  washed  with  thymolized  water  and 
the  washings  added  to  the  filtrate.  This  residue  of  undigested  mat 
ter  was  found  to  be  insoluble  in  0*5  per  cent,  sodium  carbonate  and 
also  in  0*2  per  cent,  hydrochloric  acid,  but  on  being  warmed  witi 
pepsin-hydrochloric  acid  it  was  in  time  almost  completely  dissolv 
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For  separation  of  the  caseoses  the  digestive  fluid  was  neutralized 
with  dilute  hydrochloric  acid,  giving  only  a  slight  neutralization 
precipitate,  and  the  neutral  fluid  concentrated.  When  moderately 
concentrated,  the  solution  was  placed  in  a  cool  place  for  several 
days  to  allow  as  much  of  the  leucin  and  tyrosin  to  crystallize  as 
possible.  The  caseoses  were  then  separated  from  the  filtrate,  in 
the  form  of  a  gummy  precipitate,  by  saturation  of  the  fluid  with 
ammonium  sulphate.  On  boiling  the  filtrate  from  the  first  precipi- 
tate, and  adding  still  more  ammonium  sulphate,  a  second  gummy 
precipitate  gradually  settled  out  of  the  hot  saturated  fluid.  This 
precipitate  was  separated  from  the  fluid,  the  latter  being  saved  for 
the  detection  of  any  peptone  formed,  washed  with  hot  saturated 
ammonium  sulphate  solution,  then  dissolved  in  water  and  dialyzed 
until  all  traces  of  sulphate  were  removed.  In  the  dialysis,  no  signs 
of  any  gummy  heterocaseose  or  other  like  body  was  noticed.  The 
caseose  was  precipitated  from  the  suitably  concentrated  fluid  with 
alcohol,  boiled  repeatedly  with  alcohol  to  free  it  from  any  adhering 
tyrosin,  and  finally  dried  at  110*  C. 

The  substance  was  extremely  soluble  in  water,  the  fluid  remaining 
perfectly  clear  when  heated.  Acetic  acid  produced  a  heavy  precipi- 
tate, soluble  in  excess,  and  in  the  acid  fluid  potassium  ferrocyanide 
gave  a  heavy  precipitate.  Dilute  nitric  acid,  added  to  the  aqueous 
solution  produced  a  white  precipitate  readily  soluble  in  excess  of  acid, 
and  when  heated  showed  the  xanthoprotein  reaction. 

Cnpric  sulphate  also  gave  a  heavy  white  precipitate.  On  analysis, 
the  following  results  were  obtained : 

ft  deiUerocaseose^  formed  by  trypsin, 

I.  0'3355  gram  substance  gave  0*184  7  gram  H,0= 6*11  percent. 
H  and  0-5990  gram  C03=48-68  per  cent.  C. 

n.  0*3459  gram  substance  gave  O'lSYl  gram  H^OrirO'Ol  per  cent. 
H  and  0-6120  gram  CO,=48-24  per  cent.  C. 

in.  0-6399  gram  substance  gave  63-0 c.  c.  Nat  13-8°  C.  and 
762-6  mm  pressure  =  13*63  per  cent.  N. 

rV.  0-4166  gram  substance  gave  by  fusion  with  koh  +  kno, 
0-0300  gram  BaSO^=0-98  per  cent.  S;  after  deducting  sulphur  of 
ash  =  0*95  per  cent. 

V,  0-5496  gram  substance  gave  by  fusion  with  KOH-fKNo, 
0-0380  gram  BaSO^=0'95  per  cent.  S ;  after  deducting  sulphur  of  ash 
=  0*91  per  cent. 
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VI.     0*4804  gram  Bub8tance  gave  0*0365  gram  =  9*59  per  cent 
VIL    0-4272  gram  substance  gave 0-0405  gram  ash=9*4d  percent. 
VIIL  Ash  from  0-8076  gram  substance  gave  0*0181  gram  BaSO, 
=0-03  per  cent.  S. 

Percentage  composition  of  cuth-free  substance, 

Averiage. 
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This  sample  of  /?  deutero  shows  very  close  agreement  in  composition 
and  reactions  with  the  like  body  formed  by  dilute  sulphuric  acid; 
both  being  characterized  by  the  reaction  with  acetic  acid  and  show- 
ing, by  their  reactions  and  composition,  a  closer  relationship  to  the 
proto-like  bodies  than  their  non-precipitation  by  ammonium  sulphate 
would  appear  to  warrant.  In  composition,  however,  this  body 
shows  a  much  smaller  percentage  of  carbon  than  the  caseose  precipi- 
tated by  acetic  acid. 

For  separation  of  the  other  caseoses  formed  in  this  digestion, 
the  first  ammonium  sulphate  precipitate  was  dissolved  in  water 
and  ])rotocaseose  ])reoipitated  by  saturation  of  the  solution  witli 
sodium  chloride.  The  precipitate,  which  was  not  very  heavy,  was 
purified  by  reprecipitatioii  and  dialysis.  On  dissolving  the  first  sail 
precipitate  in  water  ({uite  a  little  residue  was  noticed,  soluble  ii 
dilute  sodium  carbonate,  but  readily  precipitated  by  the  least  tract 
of  acid.  The  final  neutral  solution  was  concentrated,  giving  wher 
heated  a  heavy  coaguluni  which  finally  came  together  as  a  gunim\ 
mass.  The  clear  fluid,  separated  from  the  gum,  gave  still  anothei 
eoagulum  as  the  heating  was  continued.  On  cooling,  the  gumra> 
matter  readily  dissolved.  As  the  evaporation  continued  and  tht 
fluid  became  concentrated  the  gummy  matter  dissolved  even  in  th( 
hot  fluid,  and  the  caseose  was  finally  precipitated  while  hot  witli 
alcohol,  and  the  ])recii)itate  boiled  repeatedly  with  alcohol  for  the 
complete  removal  of  leucin  and  tyrosin. 

In  reactions,  this  body  was  apparently  identical  with  protocaseose 
formed  by  pei)sin-hydrochloric  acid,  except  that  with  acetic  acid  and 
also  witli  hydrochloric  acid  it  yielded  a  heavy  white  precipitate,  sol- 
uble in  excess   of   acid.     In  water  it  dissolved    almost   comj)Iotolv 
the  solution,  however,  becoming  turbid  when  heated  and  if  sufiioier 
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concentrated  giving  a  gummy  deposit  as  the  heating  continued. 
Further,  the  reaction  with  heat  was  the  only  respect  in  which  this 
body  differed  from  the  preceding  ammonium  sulphate  precipitate. 
Owing  to  insufficient  quantity  it  was  not  analyzed. 

In  the  filtrate  from  the  first  sodium  chloride  precipitate,  a  second 
caseose  was  precipitated  by  addition  of  a  little  30  per  cent,  acetic 
acid.  At  first  it  separated  as  a  flocculeut  precipitate,  but  on  stand- 
ing changed  to  a  gummy  mass,  which  dissolved  more  or  less  readily 
in  water,  and  completely  so  when  a  little  sodium  carbonate  was  added 
to  neutral  reaction.  After  reprecipitation,  the  aqueous  solution  of  the 
substance  was  neutralized,  dialyzed,  the  solution  concentrated  without 
separation  of  any  gummy  matter,  and  the  substance  finally  precipitated 
with  alcohol.  The  precipitate  was  boiled  repeatedly  with  alcohol  and 
finally  dried  at  110°  C.  The  dried  substance  was  readily  soluble  in 
water  and  also  in  dilute  acetic  acid,  potassium  ferrocyanide  producing 
in  the  latter  solution  a  slight  turbidity  only.  Added  to  an  aqueous 
solution  of  the  substance,  acetic  acid  produced  a  heavy  white  pre- 
cipitate readily  soluble  in  excess  of  the  acid.  Nitric  acid,  likewise, 
produced  a  heavy  white  precipitate  not  so  readily  soluble  in  excess. 
Cupric  sulphate  also  gave  a  heavy  white  precipitate.  The  aqueous 
solution  of  the  caseose  gave  no  turbidity  whatever,  when  heated. 

Analyzed  it  yielded  the  following  results  : 

Acetic  acid  precipitate  of  caseose  (a  deuteroca-seose  ?)  formed  by 

trypsin, 

I.  0*5694  gram  substance  gave  0-3300  gram  H,0=6'55  per  cent. 
H  and  1*0924  grams  C0^^6^'2b  per  cent.  C. 

II.  0*3670  gram  substance  gave  0*2157  gram  HjO=6'53  per  cent. 
H  and  0*7158  gram  CO, =53*19  per  cent.  C. 

in.  0-3811  gram  substance  gave  44-4  c.  c.  N  at  12*8°  C.  and 
765*1  mm  pressure  =14*07  per  cent.  N. 

IV.  0*2848  gram  substance  gave  33*0  c.  c.  N  at  13-4°  C.  and 
766*5  mm  pressure  =13*98  per  cent.  N. 

V.  0-4351  gram  substance  gave  0*0230  gram  ash  =5-28  per  cent. 

VI.  0-4033  gram  substance  gave  0-0210  gram  ash  =5-26  per  cent. 

Percentage  composition  of  ash-free  s^ibstance. 

Average. 
C  56-20  56-14  ...  ....  56-17 

H  6-91  6-89  6-90 

N  ....  ....  14-85  14-75  U'80 
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It  is  thus  obvious  from  the  foregoing  that  by  the  action  of  trypsin, 
caseoses  arc  formed  of  the  same  general  nature  as  those  formed  by 
the  action  of  pepsin-hydrochloric  acid,  and  by  hot  dilute  sulphoiic 
acid,  but  with  higher  contents  of  carbon. 

In  other  digestions  with  trypsin,  made  especially  for  the  prepara- 
tion of  casein  peptone,  these  caseoses  were  again  separated  and  the 
foregoing  reactions  verified.  The  quantities,  however,  were  loo 
small  to  admit  of  their  analysis. 

III.  Casein  j)eptone ; — from  experiments  by  CJiorles  Aorrt*,  J^r.,  Ph,B. 

Supersaturation  of  a  digestive  fluid  with  ammonium  sulphate, 
under  proper  conditions,  suffices  to  entirely  remove  the  preliminary 
products  of  proteolytic  action.  Proper  conditions,  however,  are  not 
obtained  by  simply  adding  the  ammonium  salt  to  a  cold  fluid,  for  as 
has  been  already  pointed  out  an  additional  precipitate  of  proteose 
can  nearly  always  be  obtained,  by  heating  the  cold  saturated  solution 
until  a  thick  crust  of  the  ammonium  salt  forms  on  the  hot  fluid.  In 
the  present  state  of  knowledge,  we  assume  as  peptone  any  amorphoas 
product  of  proteolytic  action  precipitable  by  alcohol,  and  not  pre- 
cipitable  by  heating  with  ammonium  sulphate  added  to  saturation. 
Unquestionably,  the  albumose  precipitated  only  by  long  boiling  of  a 
saturated  ammonium  sulphate  solution,  is  much  nearer  to  true  pep- 
tone than  those  bodies  more  easily  precipitated,  but  at  present  we 
are  not  inclined  to  accept  as  true  peptone  any  body  precipitable  by 
ainnioniuin  sulphate  under  any  conditions  whatever.  In  the  present 
series  of  experiments  we  have  aimed  to  prepare  a  casein  peptone, 
by  the  action  of  trypsin,  entirely  free  from  albumose  in  order  to 
study  its  composition  and  reactions. 

In  the  (lii^estion  of  casein  with  trypsin,  described  in  the  ])reced- 
ing  section,  the  filtrate  from  the  ammonium  sulphate  saturation  was 
heated  for  some  time  and  the  slight  gummy  film  of  caseosc  sep- 
aratetl,  after  which  as  much  of  the  ammonium  sulphate  as  ])ossible 
was  removetl  by  alternate  crystallization,  treatment  with  alcohol,  etc. 
The  last  traces  of  the  ammonium  salt  were  removed  by  long  con- 
tinued dialysis  in  running  water,  and  when  finally  the  fluid  gave  no 
reaction  with  bjiriuni  chloride  it  was  evaporated  to  a  syrup  and  ])re- 
eipitated  with  alcohol.  The  precipitated  peptone  was  freed  from 
any  adhering  tyrosin  and  leucin  by  repeated  treatment  with  boilin^^ 
alcohol,  an«l  finally  dried  at  llO''  C.  until  of  constant  weight.  This 
proved  a  loni;  o|)eration.  The  i)eptone  was  so  excee^linLrly  iiygro- 
scopic  an<l  held  on  so  tenaciously  to  the  water,  that  it  was  only  :if'ier 
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long-continued  drying  that  a  constant  weight  was  reached  and  then 
the  odor  was  strongly  suggestive  of  partial  dissociation.  In  a  pre- 
vious article'*'  on  peptone,  attention  was  called  to  the  peculiar  odor  of 
valerianic  acid  almost  invariably  noticed  when  the  fibrin  peptone  was 
dried  at  110°  C,  but  in  that  case  it  was  found  impossible  to  bring 
the  product  to  a  constant  weight.  With  casein  peptone,  the  same 
odor  was  noticeable  on  drying  the  product  for  analysis,  but  after  a 
few  days  heating  at  110°  C,  the  weight  of  the  product  remained 
fairly  constant. 

On  analysis,  the  casein  peptone  yielded  the  following  results  : 

Casein  antipeptone  A, 

I.  0  5792  gram  substance  gave  0-3185  gram  H,0=6*ll  per  cent. 
H  and  0*9951  gram  CO,=46-85  per  cent.  C. 

n.  0*4692  gram  substance  gave  0*2562  gram  11,0=6*07  per  cent. 
H  and  0*8060  gram  CO,=46*84  per  cent  C. 

III.  0*4357  gram  substance  gave  55*5  c.  c.  N  at  14*0®  C.  and  762*0 
ram  pressure= 15*27  per  cent.  N. 

IV.  0-6534  gram  substance  gave  83*0  c.  c.  N  at  14*0°  C.  and  761*0 
mm  pressure=15*18  per  cent.  N. 

V.  0*9703  gram  substance  gave  0  0656  gram  ash=6*76  per  cent. 

VI.  0*4939  gram  substance  gave  0*0326  gram  ash=6'60  per  cent. 

VII.  0*7032  gram  substance  gave  by  fusion  with  koh  +  kno, 
0-0386  gram  BaSO^=0-75  per  cent.  S. 

VIII.  0*6526  gram  substance  gave  by  fusion  with  koh  +  kno, 
0*0337  gram  BaSO^=0-71  per  cent.  S.f 

Percentage  composition  of  ash-free  substance. 

Average. 

C        49-94        49-93        49'H 

H         6-51  6-50         6-51 

N         16-35      16*26 IS'SO 

S  0-70        0-66  0*68 

O  _.  26-57 


lOO'OO 


Somewhat  to  our  surprise,  on  testing  the  purified  and  dried  pep- 
tone, we  found  that  its  aqueous  solution  gave  a  heavy  white  precipi- 
tate with  nitric  acid,  soluble  in  excess  of  acid ;  likewise,  a  heavy 
precipitate  with  acetic  acid,  also  soluble  in  excess ;  with  cupric  sul- 

♦  KUhae  and  Chittenden,  Peptone.     Studies,  vol.  ii. 

f  The  ash  contained  only  a  slight  unweighable  trace  of  sulphate. 
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phatc  a  heavy  precipitate;  and  on  sataration  with  ammonium  sul- 
phate in  the  cold  an  ahnndant  gummy  precipitate,  the  latter  plainly 
indicating  tlie  presence  of  caseose.  As  the  product  originally 
gave  no  precipitate  with  ammonium  sulphate,  it  would  apparently 
follow  that  the  peptone  by  long  drying  at  110°  C.  had  been,  in 
part,  reconverted  into  caseose,  and  as  the  solution  gave  no  turbid- 
ity by  heat  it  would  imply  that  the  caseose  formed  by  the  recon- 
vei-sion  of  the  ])eptone  was  the  deutero  body.  Results  similar  to 
these  were  obtained  by  Ktthne  and  Chittenden  with  fibrin  peptone. 

In  a  second  digestion  of  trypsin,  1  kilo,  of  moist  casein  was 
warmed  at  40°  C  with  4  litres  of  0*6  per  cent,  sodium  carbonate 
solution  containing  trypsin,  well  thymolized,  for  one  week.  On 
the  third  day,  the  gelatinous  coagulum  already  described  made  its 
appearance,  but  gradually  disappeared  and  at  the  end  of  the  week 
there  was  only  a  very  small  residue  remaining.  The  neutralized  and 
concentrated  digestive  fluid,  freed  from  more  or  less  tyrosin  by  cool- 
ing and  crystallization,  was  in  this  case  treated  with  rock  salt  to  sat- 
uration, yielding,  however,  only  a  small  precipitate  of  proto-  and 
heterocaseose,  which  on  purification  agreed  in  reactions  with  the 
caseoses  previously  described.  Addition  of  salt-saturated  acetic 
acid  to  the  sodium  chloride  filtrate  from  the  foregoing  caseoses,  failed 
to  give  any  pn^cipitate  whatever,  and  as  the  saturation  of  the  fluid 
with  ammonium  sulphate  gave  only  a  slight  gummy  precipitate  it  is 
evident  that  in  this  digestion  the  casein  was  almost  completely  con- 
verted into  peptone.  In  order  to  be  quite  sure  of  the  complete  re- 
moval of  everything  preeipitable  by  tlie  ammonium  salt  the  mixture 
was  boiled  lor  some  time  with  an  excess  of  ammonium  sulphate,  and 
the  filtrate  treated  as  described  under  peptone  A  for  tlie  complete 
removal  of  tyrosin  and  ammonium  sulphate. 

The  final  product  was  exceedini^ly  gummy  and  parted  with  the 
last  traces  of  adheriii*^  alcoiiol  very  sl(>wly.  In  fact,  we  found  it  best 
to  dissolve  the  final  alcoholic  preci|)itate  of  peptone  in  a  little  water, 
and  to  drive  off  the  alcohol  from  the  solution  by  heat,  after  which  the 
fluid  was  evaporated  and  the  gummy  ])eptone  finally  transformed 
into  a  friable  mass  by  drying  on  a  water-bath,  and  at  last  completely 
dried  at  110''  V.  After  its  final  precipitation  with  alcohol,  an  aque- 
ous solution  of  the  jieptone  gave  no  precipitate  whatever,  with  nitric 
or  acetic  acid,  neither  with  acetic  acid  and  potassium  ferrocyanide 
nor  with  cupric  sulphate,  or  at  the  most  nothing  more  than  a  faint 
turbidity.  After  being  dried  at  110°  C.  until  of  constant  weight, 
the  product  then  gave  a  decided  gummy   precipitate  by  saturation 
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of  its  aqueous  solution  with  ammonium  sulphate,  and  like  peptone  A 
gave  precipitates  with  nitric  and  acetic  acid  and  with  cupric  sul- 
phate. 

On  analysis  the  following  results  were  obtained  : 

Casein  antipeptone  B. 

I.  0*3770  gram  substance  gave  0-2023  gram  H,0=:5-96  per  cent. 
H  and  0'6635  gram  CO, =47-25  per  cent.  C. 

n.  0-2687  gram  substance  gave  0-1442  gram  H,0^5-96  per  cent. 
H  and  0-4667  gram  CO,=47-36  per  cent.  C. 

III.  0-3732  gram  substance  gave  44-9  c.  c.  N  at  14-4°  C.  and  757*0 
mm  pressure  =14-31  per  cent.  N. 

IV.  0-3801  gram  substance  gave  46*0  c.  c.  N  at  14-0°  C.  and  756*0 
mm  pressure =14*38  per  cent.  N. 

V.  0-4760  gram  substance  gave  0*0374  gram  a8h=:7-86  per  cent. 

VI.  0*5396  gram  substance  gave  0*0429  gram  ash  =  7*95  per  cent. 

Percentage  composition  of  ash-free  substance. 

Average. 

C  51-35  51-42  6I'S8 

H  6-47  6-47  6'47 

N  ....  ---.  15-54  15-61  15-57 

if 

In  a  third  digestion  with  trypsin,  2  kilos,  of  casein  were  warmed  at 
40°  C.  for  five  days  with  3  litres  of  0*5  per  cent,  sodium  carbonate 
containing  an  active  trypsin  solution,  weU  thymolized.  At  the  end  of 
the  second  day,  considerable  casein  antialbumid  separated  from  the 
solution,  this  time  more  as  a  gummy  precipitate  than  as  a  gelatinous 
coagulum.  On  the  sixth  day,  the  alkaline  fluid  was  filtered  from 
the  small  undigested  residue,  neutralized,  concentrated,  and  the 
caseoses  precipitated  by  saturation  with  ammonium  sulphate.  In 
this  digestion,  there  was  present  only  a  very  small  trace  of  caseose 
precipitable  by  saturation  with  salt,  but  considerable  precipitable  by 
salt-saturated  acetic  acid.  After  repeated  boiling  of  the  ammonium 
sulphate-saturated  fluid,  for  complete  removal  of  caseoses,  the  peptone 
remaining  was  separated,  purified  and  dried  as  already  described. 
The  product  dried  at  110°  C.  gave  on  analysis  the  following  results. 

Casein  antipeptone  C, 

I.  0-3104  gram  substance  gave  0-1720  gram  11^0  =  6*15  per  cent. 
H  and  0*5252  gram  00^  =  4014  per  cent.  C. 

II.  0*2756  gram  substance  gave  0*1513  gram  H,O=6-10  per  cent. 
H  and  0*4638  gram  CO,=45*80  per  cent.  C. 
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III.  0-6432  gram  substance  gave  68-0  c.  e.  N  at   14-6°  C.  and 
756*4  mm  pre88ure=  14*88  per  cent.  N. 

IV.  0*6280  gram  substance  gave  0'0449  gram  ash  =  7*15  per  cent 

V.  0*4060  gram  substance  gave  0*0288  gram  a8h  =  7*09  per  cent. 

Percentage  composition  of  ash-free  substance. 


c 

49*64 

49*40 

H 

6-63 

6*67 

N 

Average. 
49-62 
6-60 
15*99  15-99 


This  peptone,  like  the  preceding,  after  being  dried  at  110°  C.  gave 
a  small  gummy  precipitate  on  saturation  of  its  solution  with  ammonium 
sulphate,  and  also  gave  a  precipitate  with  nitric  and  acetic  acid,  and 
a  slight  turbidity  with  cnpric  sulphate. 

In  composition,  all  three  of  the  peptones  show  a  smaller 
percentage  of  carbon  than  the  cascoses  formed  by  trypsin,  but 
somewhat  to  our  surprise  the  percentage  of  carbon  is  higher 
than  in  some  of  the  caseoses  formed  by  pepsin-hydrochloric  acid. 
The  nature  of  the  substance,  however,  which  at  present  affords 
but  little  proof  that  we  have  to  deal  with  a  single  body,  the 
Extreme  difficulty  of  obtaining  it  in  a  condition  of  dryness  suit- 
able for  analysis,  and  the  almost  utter  impossibility  of  freeing 
it  from  adhering  inorganic  salts,  all  tend  to  throw  doubt  on  the 
analytical  data  as  expressing  the  composition  of  pure  casein  pop- 
tone.  Ah  already  stated,  there  is  unquestionably  more  or  less  of  a 
decomposition  or  change  attending  the  drying  of  the  peptone.  So 
pronounced  is  the  hygroscopic  character  of  these  bodies,  that  when 
partially  dried  they  will  gain  weight  over  strong  sulphuric  acid,  and  on 
being  taken  from  the  air  bath  while  drying  at  110°  C.  we  often  no- 
ticed on  damp  days  a  hissing  noise  as  if  from  the  rapid  absorption  of 
water.  Further,  as  the  drying  progressed  the  odor  of  valerianic  acid 
became  quite  pronounced  and  on  testing  the  dried  product,  it  was 
often  found  to  have  an  acid  reaction  so  pronounced  in  many  cases  as 
to  give  a  sour  taste  to  the  peptone,  in  addition  ta  the  characteristic 
bitter.  Before  drying,  the  peptones  were  usually  found  to  have  a 
neutral  reaction.  Tliese  facts  coupled  with  the  changed  behavior  of 
the  product  towards  ammonium  sulphate,  point  to  a  change  in  the 
nature  of  the  peptone,  which  may  well  be  assumed  to  affect  its  com- 
position, and  hence  we  would  have  our  analytical  figures  taken  with 
some  allowance. 
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We  also  prepared  a  peptone,  entirely  non-precipitable  by  saturation 
with  ammoniam  sulphate,  by  boiling  20  grams  of  pure  deuterocaseose 
with  500  c.  c.  of  3  per  cent,  sulphuric  acid  for  14  hours.  This  prepara- 
tion, after  purification,  was  too  small  in  quantity  for  analysis,  but  in 
reactions  it  showed  close  agreement  with  the  antipeptones  prior  to 
their  long  drying  at  110°  C,  viz:  non-precipitation  by  acetic  acid  and 
potassium  ferrocyanide,  by  nitric  acid,  by  cupric  sulphate,  and  by 
saturation  with  ammonium  sulphate  both  in  neutral  and  in  acid 
solutions. 


Tbans.  Conn.  Acad.,  Vol.  VI 11.  14  Nov.,  1888. 


Some  Expbbihents  on  the  Influence  of  Arsrnic  a5d 
Antimony  on  Glycogenic  Function  and  Fattt  Dkoknera- 
TioN  OF  THE  Liter.  By  R  II.  Chittendkx,  and  J.  A. 
Blare,  B.A.,  Ph.B. 

Saikowsky's*  oft-quoted  experiments  on  rabbits  with  antimonic 
and  arsenious  acids  have  made  clear  that  in  both  arsenical  and  aoti- 
monial  poisoning  there  is  pronounced  fatty  degeneration  of  the  liver 
with  a  lessening  of  the  hepatic  glycogen  and  in  some  cases  even  a  total 
disappearance  of  it.  With  antimonic  acid,  Saikowsky  found  io  his 
original  experiments,  that  one-half  to  one  gram  of  antimonio  acid  or 
other  preparation  of  antimony  per  day,  for  fourteen  or  nineteen  days 
in  succession,  gave  rise  to  a  fatty  degeneration  embracing  the  liver 
kidneys,  and  even  the  heart.  This  has  been  verified  by  the  exi>eri- 
ments  of  Grohe  and  Mosler,  who  also  state  that  in  the  dachy  of 
Brunswick  the  peasantry  give  to  the  geese,  when  producing  the 
famous  fatty  livers,  a  certain  quantity  of  the  white  oxide  of  antimony 
every  day.f  With  arsenic,  Saikowsky  likewise  found  that  when 
rabbits  are  poisoned  by  a  small  dose  so  as  to'  live  from  three  to  six 
(lays,  the  liver  becomes  much  enlarged  and  very  fatty  and  the  glyco- 
genic function  nearly  or  i\u\tc  abolished. 

It  is  very  evident,  therefore,  that  in  large  quantities  both  arsenic 
and  antimony  have  a  special  action  on  tissue  changes,  particularly 
on  the  liver.  In  the  experiments  referred  to  above,  the  quantities  of 
poison  given  were  quite  large  and  with  arsenic,  particularly,  their  ad- 
ministration was  soon  followed  by  death.  As  neither  of  these  sub- 
stances are  ordinarily  used  in  medicine  for  an  acute  effect,  it  seemed  to 
us  of  interest  to  study  the  action  of  small  doses  on  the  tissue  changes  of 
the  liver,  with  a  view  to  ascertaining  whether  non-toxic  doses  of  these 
two  poisons  would  produce  a  similar  effect.  It  is  ordinarily  stated 
that  in  poisoning  with  antimony,  phosphorus,  and  arsenic  the  nitro- 
genous products  of  tissue  waste  appear  in  the  urine  in  much  larger 
quantity  than  normally,  owing  to  the  increased  decomposition  which 
is  going  on. J     Kxperiments  of  our  own,  however,  have  shown  that 


*  Virchow'8  Archives,  Band  xxxiv,  p.  78. 

f  Quoted  from  H.  C.  Wood's  Therapeutics,  p.  161. 

J  Hruutou's  Pharmacology,  TherapeuticH  and  Materia  Medica,  p.  360. 
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• 
small  repeated  doses  of  antimonious  oxide  are  without  influence  on 

the  excretion  of  nitrogen,  sulphur,  and  phosphorus,  and  that  hence 
when  taken  in  non-toxic  doses  it  has  no  noticeable  action  on  proteid 
metabolism.*  Without  doubt,  toxic  doses  do  materially  affect  the 
nutrition  of  the  body,  but  with  a  dog  of  13  kilos,  weight  the  admin- 
istration of  repeated  doses  of  antimonious  oxide,  to  the  extent  of  17 
grains  in  13  days,  led  to  no  apparent  change  in  the  amount  of  nitrogen 
etc.  excreted,  although  the  presence  in  the  24  hours'  urine  of  13-23 
milligrams  of  antimony  (Sb)  gave  evidence  of  decided  absorption. 

We  have  therefore  tried  a  few  experiments  on  rabbits  and  fowls 
to  see  what  effect  small  repeated  doses  of  arsenic  and  antimony  would 
have  on  the  liver,  as  indicated  by  its  content  of  fat,  glycogen,  and 
sugar.  The  experiments  were  made  in  pairs,  in  which  one  animal  of 
each  pair  served  as  a  control  for  comparison,  while  the  other,  kept 
under  the  same  conditions  of  diet,  etc.  so  far  as  possible,  was  fed 
each  day  with  arsenic  or  antimony  as  the  case  might  be.  At  the  end 
of  the  period  both  animals  were  killed  and  the  livers  analyzed. 
Naturally,  the  animals  of  each  pair  were  of  the  same  age,  from  the 
same  brood,  and  so  far  as  possible  of  the  same  body  weight.  During 
the  experiment  they  were  kept  on  a  weighed  diet  of  cracked  corn, 
meal,  etc.,  and  were  confined  in  suitable  cages. 

The  methods  of  analysis  were  as  follows  :  after  determining  the 
body  weight,  the  liver  was  quickly  removed,  weighed  and  sampled 
by  chopping,  10  grams  or  thereabouts  were  then  weighed  out  accu- 
rately, dried  on  a  water  bath,  ground  to  a  fine  powder  and  extracted 
in  a  fat  extractor  with  warm  ether  until  the  fat  was  entirely  removed. 

For  glycogen  and  sugar,  20-40  grams  of  the  sampled  liver  were 
thoroughly  extracted  with  hot  water,  (continuous  extraction  with 
water,  frequently  renewed,  for  several  days)  the  extracts  united,  con- 
centrated to  a  very  small  volume  and  precipitated  with  a  large  excess 
of  95  per  cent,  alcohol.  The  precipitate  of  glycogen,  etc.,  was  washed 
with  alcohol,  dissolved  in  a  small  volume  of  cold  water  to  100  c.  c, 
sufficient  hydrochloric  acid  added  to  make  the  fluid  contain  2  per 
cent.  HCl  and  heated  on  a  water-bath  for  15  hours.  After  neutrali- 
zation, the  volume  was  made  up  to  200  c.  c.  and  the  sugar  determined  in 
25  c.  c.  of  the  fluid  by  Allihn's  gravimetric  method,  and  the  glycogen 
calculated  therefrom.  The  liver  sugar  was  determined  by  evaporating 
the  alcoholic  fluid  from  the  glycogen  precipitate,  dissolving  the  resi- 
due in  a  little  water,  adding  suflicient  sulphuric  acid  to  make  the  mix- 


*  Chitteodeo  and  Blake.     Studies  from  Laboratorj  of  Physiological  Chemistry,  Yale 
Uniyeraity,  vol.  ii,  p.  94. 
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ture  contain  2  per  cent.  H,SO^y  boiling  for  two  hoara  to  eonTeri  tti 
sugar  wholly  into  dextrose,  and  then,  after  neatratiKStioa  of  the  loi 
flaid  and  dilating  to  200  a  a,  testing  its  redQoinjf  power  by  AllihA 
method. 

Mg^eriment  L 

Action  of  arsenic  on  a  fowL 

Period  o/domg. 
Uay  20-24,  0*1  grain  AsaOt  dftilj. 

'•    25-31,  0-2      "        "         " 

June  1-15.  0-3     ••        •*        " 

O'igraini. 

Af  control  fowl,  M,  orwemtc/BmL 

Body  weight  May  20,  1814  gramB.  1814  grams. 

**     June  16,  1871      "  1686        *' 

+  67  —128 

Weight  of  liver,  Juno  16,         28*378  grams.  34*635  gnm& 

The  liver  of  B^  ahau^ed  unmislakeable  eigne  offaXtg  d/agemferaUiOfti, 

DelemUnaHon  of  fat  in  Uuor, 
A.  oontrol,      9-210  grams  liver  gave  0*3347  gram  &t,      ss        3-63  per  cent 
A  arsenic,     13  848      "        "        "    1-8661    "        "        =      13-40      .   - 

-l-8't7  per  cent 

Determination  of  glycogen  and  eugar. 

A.  B, 

Weiglit  of  liver  used,  20*167  grams.  20-787  grams. 

Glycogen  A,  control. 

Volume  K4|iilvah!nt  Kqiilvaleat  Total  per 

ii«im1.  WclRlit  Cu.  ill  (lextrone.  In  glycotrcn.  amount.  cenl. 

25  c.  c.         00744  gram.        0  0:mo  gram.        0  0342  gram.        0*2736  gram.  135 

25  00727  00H71  00334  0*2672  1*32 

Glyroijen  By  arsenic. 
25  c.  c.         01720  jrram.        OOH79  gram.        00791  gram.         0*6328 gram.  3*04 

25  0*17i:i  00875  00787  0*6296  302 

Sugar  A,  control. 

25  c.  c.        00299  gram.        0*0150  gram 0*1272  gram.         0*63 

25  003:{2  0017G  0*1408  0*69 

Sufjar  B,  arsenic. 

25  c.  c        00185  gram.        0*0102  gram 0*0816 gram.         0*39 

25  0-0162  0*0091  00728  0-35 

100  grams  of  breast  musclo  from  B  gave  0*4  milligram  of  -4.*. 

Ill  this  experimont,  then,  we  have  as  the  apparent  result  of  the  long- 
contiuued  feeding  of  arsenic  a  loss  of  body  weight,  a  decided  increase 
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in  the  weight  of  the  liver,  a  large  increase  in  the  liver  fat,  a  gain  in 
the  amount  of  liver  glycogen,  and  a  loss  in  liver  sugar. 

EoGperiment  II. 
Action  of  arsenic  on  a  fowl. 

Period  of  dosing. 

May  20-24,  01  graio  A8,0s  daily. 

"    25-31,  0-2 

June   1-15,  0-3 

•'    16-18,  0-4 


it 


tt 


t< 


t( 


iC 


7*6  grains. 

Towards  the  end  of  the  experiment  the  arsenic  fowl  appeared  to 
be  suffering  somewhat  from  the  toxic  action  ^f  the  poison,  consequently 
the  arsenic  was  discontinued  after  the  18th,  but  the  fowl  died  on  the 
21st,  and  was  immediately  analyzed. 


Body  weight  May  20, 
'*  '*     June  21, 


A,  control  fowl. 
1 644     grams. 
1757 


(i 


Bj  arsenic  fowL 
1531  grams. 
1247 


i( 


+  113 


Weight  of  liver,  June  21,  55  830  grams. 

Determination  of  fat  in  liver. 
Af  control,     13*740  grams  liver  gave  0*7462  gram  fat, 
B,  arsenic,     10*179       "         "         "    0*4925 


u 


(I 


-284 

33*729  grams. 

s      5*40  per  cent. 
=      4-83 


u 


Determination  of  glycogen  and  sugar. 

A. 
Weight  of  liver  used,  42090  grams. 


Glycogen  A,  control 


Volume 
used. 

25  C.  C. 
25 


25  c.  c. 
25 


Weight  Cu. 
0*5213  gram. 
0*5228 


Equivalent 
in  dextrose. 


Equivalent 
in  glycogen. 


0*2500  gram.         0*2250  gram. 
0*2504  0*2253 


Sugar  A,  control. 

0*0359  gram.         0*0 1 88  gram.  

00379  00198  


—0*57  per  cent. 

B. 

23*550  grams. 


Total  Per 

amount.  cent. 

1*8000  gram.  4*27 

1*8024  4*28 


0-1504  gram.         0*35 
01684  0*37 


In  JBy  no  trace  of  a  reduction  could  be  obtained  for  glycogen  and 
only  an  unweighable  trace  for  sugar. 

In  this  experiment,  therefore,  we  find  a  decided  loss  in  body  weight 
under  the  influence  of  the  arsenic,  a  loss  in  the  weight  of  the  liver,  a 
slight  diminution  in  the  liver  fat  and  nearly  a  complete  disappear- 
ance of  both  glycogen  and  sugar. 


no 
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Mxperiment  III. 
Action  of  arsenic  on  a  rabbii. 

Period  of  doiing. 
May  25-31,  0*2  grain  AssOt  daily. 

June  1-16.  0-3       '•        "        " 

"    16-23,  0-4       "         "        *• 

9*1  g^ins. 

A,  control  rabbit,  B,  (trsenic  rabfnL 

Body  weight  May  25,  1644  grams.  1502  grams. 

"     June  24,  1616       "  1586         " 

-28  +84 

Weight  of  liver  June  24,  61*360  grams.  46*760  grams. 

Ihtermination  of  fat  in  liver. 
At  control,    15*320  g^ams  liver  gave  0*4126  gram  fat,      ^       2*69  per  cent 
B,  arsenic,    14-436       "         "         "    0*2888     "        "        «       2-00  " 

—0*69  per  cent 
DetermituUion  of  glycogen  and  8ug€tr. 

A.  B. 

Weight  of  liver  used,  45*940  grams.  32*325  grams. 

Glycogen  A*  control. 

Volume  nted  Eqairalent  Eqalvftlent  Total  Per 

for  reduction.      Weight  Cu.  In  dextrose.  InglycoireD.  amoant.  ceaL 

25  c.  c.  0*2036  gram.       0*1045  gram.      0*0940  gram.       1*8800  grama.  4*13 

25  0-2027  OlOil  00937  1*8740  4*07 

Glycofjen  B,  arsenic, 
25  c.  c.  0-5230  grum.       0-2503  gram.       0*2252  gram.       1*8016  grams.  5-57 

25  0*5223  0-2500  0'2250  1*8000  5*54 

Swjar  A,  control. 

25  c.  c.  0*0177  gram.       00098  gram *  0*0784  gram.  OIT 

25  00173  0-0097  0*0776  0*16 

Sugar  7?,  arsenic. 

25  c.  c.  0-0254  pram.       0  0137  gram 0*1096  gram.  034 

25  00232  0*0120  01008  031 

100  grams  of  muscle  tisHiie  yielded  03  milligram  of -4*. 

Here,  we  find  under  the  influence  of  the  arsenic,  an  apparent  gain, 
though  slight,  in  body  weight,  an  evident  diminution  in  the  weight 
of  tlie  liver,  together  with  a  diminished  percentage  of  liver  fat.  Ap- 
parently, however,  the  amount  of  liver  glycogen  and  sugar  are  some- 
what increased.  The  liver  showed  no  approach  to  fatty  degeperation 
on  microscopic  examination. 

*  The  glycogen  solution  after  boiling  with  acid,  etc.,  was  made  up  to  500  c.  c.  iosteai 
of  -200  c.  c. 
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Mcperiment  TV, 
Action  of  antimony  on  a  fowl. 

Period  of  dosing. 
May  20-24,  02  grain  SbaO,  daily. 

"     25-31,  0-4     "  "         " 

June     1-7,  0-6     *♦  '♦        " 

.»       8-14,  0-8     "  "         '• 

13*6  grains. 

-4,  control  fowl.  R,  antimony  fowl 

Body  weight  May  20,  1559  grams,  1616  grams, 

•*  "      June  15,  1531       "  1828       " 

-28  +212 

Weight  of  liver  June  15,  22*995  grams.  31*799  grams. 

Determination  of  fat  in  liver. 
Af  control,       7*985  grams  liver  gave  0*4600  gram  fat,      =      5*76  per  cent 
B,  antimony,  11 409       "        "        "    06741       "     "         =     591         " 

+  01 5  percent 

Determination  of  glycogen  and  Sugar, 

A.  R 

Weight  of  liver  used,  15*010  grams.  20*390  grams. 

Glycogen  A^  control 

Volameiued  Eqntvalent  Equivalent  Total  Per 

for  redaction.      Weigbt  Cn.  In  dextrose.  In  glycogen.  amonnt.  cent. 

25C.C.  0-0677  gram.      0*0296  gram.      0  0266  gram.      0*2128  gram.  1*41 

25  0*0563  00289  0*0260  0*2080  1*38 

Glycogen  B,  antimony. 
25  c.  c.  0*1011  gram.      0*0514  gram.      0*0462  gram.      0*3696  gram.  1*81 

25  0*1015  0*0516  0*0464  0*3712  1*82 

Sugar  A^  control. 
25  c.  c  0*0198  gram.       0*0109  gram 0*0872  gram.  0*58 

25  0*0211  00115  0*0920  0*61 

Sugar  B,  antimony. 

26  c.  c.  0*0300  gram.       0  0160  gram 0*1280  gram.  0*62 

25  0*0277  00148  0*1184  0*58 

100  grams  of  breast  muscle  gave  1*2  milligrams  Sb. 

These  results  would  seem  to  indicate  that  antimonious  oxide  tends 
to  increase  the  body  weight,  and  apparently  also  that  of  the  liver. 
The  liver  fat  is  obviously  not  much  affected  in  this  experiment,  while 
the  glycogen  shows  a  slight  increase  in  the  antimonial  fowl. 
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JSxperiment  V. 
Action  of  antimony  on  a  fowl. 

Period  of  dosing. 
May  20-24,  0*2  grain  SbgO,  daily. 

"    26-31,  0-4     "  *' 

June    1-  7,  0-6     "  "  " 

"      8-15,  0-8     "  "  »» 

"    16-19,  10    "  *•  *' 

18*4  grains. 

A^  control  fowl  B^  antimony  fowl. 

Body  weight  May  20,  1701  grams.  1767  grams. 

"         ••      June  20,  1644       "  181-4        " 

-67  +67 

Weight  of  liyer  June  20,        34*177  grams.  35*440  grams. 

Determination  of  fat  in  liver, 

A,  control,      9*477  grams  liver  gave    0*3890  gram  fat,      ss      4*10  per  cent 

B,  antimony,  9*579       "         "         "      0*6088       *'      ♦•        =      5-31  «* 

+  1*21  per  ceni. 
The  appearance  of  the  liver  in  B  indicated  fatty  degeneration. 

Determination  of  glycogen  and  ntgar. 

A.  B. 

Weight  of  liver  used,  24*700  grams.  25*871  grams. 

Glycogen  A,  control. 

Volume  used  Equivalent  Equivalent  Total  Per 

for  reduction.       Weight  Cu.  In  dextrose.  In  glycoKcn.  amount.  cent. 

25  c.  c.  0-2253  gram.       Oil  GO  gram.       01 044  gram.       0-8352  gram.  338 

25  0-2253  OllGO  01044  0*8352  3-38 

Glycogen  B,  antimony. 
25  c.  c.  0-2480  gram.       0*1281  gram.       0*1153  gram.       0*9224  gram.  3*56 

25  0-2479  01280  0*1150  0*9200  3*56 

Sugar  A,  control. 

26  c.  c.  0*0360  gram.       0*0189  gram 0*1512  gram.  0*61 

25  0-0360  00189  0-1512  0*61 

Sugar  B,  antimony. 

25  c.  c.  0-0383  gram.       0*0200  gram _  0*1600  gram.  0-62 

25  00372  00195  0*1560  0*60 

100  grams  of  breast  muscle  gave  1*3  milligrams  Sb. 

In  this  experiment,  there  was  pronounced  fatty  degeneration  of  the 
liver  in  the  antiraonial  fowl.  Further,  as  in  the  last  experiment,  there 
was  apparently  a  slight  increase  both  in  body  weight  and  in  the 
weight  of  the  liver. 
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Corresponding  with  the  &tty  degeneration,  there  was  found  ]  *2  per 
cent,  more  fat  in  the  antimonial  liver  than  in  the  control. 

The  liver  glycogen  was  also  slightly  increased  ander  the  influence 
of  the  antimony. 

Mcperiment  VI. 

Action  of  antimony  on  a  rabbit. 

Period  of  dosing. 
May  25-31,  04  grain  SbaO,  daily. 

June   1-  7,  0-6      " 


ti         Q     IK  A>Q  ((  ((  (i 


8-16,  0-8 

"    16-21,  10      *•         " 


ti 


19*4  grains. 

-4,  control  rabbit.  B*  antimony  rdbhit. 
Body  weight  May  25,            2012  grams.  1814  grams. 

••  "      June  23,  1998      "  1701       " 


—  14  -113 

Weight  of  liver  June  23,      38-219  grams.  42741  grams. 

Determination  off(U  in  liver, 
Af  control,        9*375  grams  liver  gave  0*3575  gram  fat,      =:      3*81  percent. 
B,  antimony,  10-971      '*        "         "    03432      "      "        =      3-12 

— 069  per  cent. 
Determination  of  glycogen  and  sugar, 

A.  B. 

Weight  of  liver  used,  28*844  grams.  31*770  grams. 

Glycogen  A,  control. 

YolameuBed  Eqnlvftlent  Equivalent  Total  Per 

for  redaction.       Weight  Ca.  Id  dextrose.  In  glycogen.  amoant.  cent. 

26  c.  c.  0-0431  gram.       0-0224 gram.       00201  gram.       01608  gram.  0-55 

25  0-0441  00229  00206  01648  0-57 

Sugar  A^  control. 

25  c.  c.  00445  gram.       00231  gram 01848  gram.  064 

26  0-0440  00229  0-1832  0-63 

In  B,  there  was  no  reduction  for  either  glycogen  or  sugar. 

100  grams  of  muscle  gave  1*0  milligram  Sb. 

In  this  experiment,  towards  the  end,  the  animal  was  evidently  suf- 
fering from  the  toxic  action  of  the  antimony,  and  the  body  weight  is 
seen  to  be  noticeably  diminished.  The  weight  of  the  liver,  however, 
was  apparently  increased  by  the  antimony,  although  there  was  a 


*The  last  two  days  the  antimony  rabbit  ate  very  little.  Hence,  the  oxide  was  not 
given  after  the  21st.  The  animal  was  evidently  much  affected  by  the  antimony  and 
its  general  nutrition  was  at  the  last  very  poor. 

Tbanb.  Conn.  Acad.,  Vol.  VIII.  15  Dec,  1888. 
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diminution  in  the  liver  fat,  and  a  complete  disappearance  of  both 
glycogen  and  sugar. 

While  these  experiments  are  far  too  few  in  number  to  generalize 
from,  yet  it  would  appear  that  small  doses  of  antimonioas  oxide  long 
continued  tend  to  increase  body  weight,  and  particularly  the  weight 
of  the  liver.  Further,  the  increase  in  liver  weight  is  accompanied 
by  an  increased  percentage  of  fat  and  a  slight  increase  of  liver 
glycogen. 

With  corresponding  doses  of  arsenious  oxide,  on  the  other  hand, 
the  results  would  indicate  a  diminution  in  body  weight,  likewise  a 
diminution  in  the  weight  of  the  liver  and  also  in  the  amount  of  liver 
fat.  As  regards  glycogen,  two  of  the  results  show  an  increased 
amount  in  the  arsenical  livers,  while  in  one  experiment  there  was  a 
total  disappearance  of  glycogen.  On  the  other  hand,  as  Experiment 
No.  I  indicates,  there  may  be,  with  small  doses  of  arsenic,  a  very 
pronounced  fatty  degeneration  of  the  liver,  accompanied  by  an  in- 
creased liver  weight  and  an  increase  in  the  percentage  of  liver 
glycogen. 


I 


The  Nature  and  Chemical  Composition  of  the  Myosin  of 
Muscle  Tissue.  By  R.  H.  Chittenden  and  G.  Wyckoff 
Cummins,  Ph.D. 

In  spite  of  the  interest  attached  to  this  peculiar  proteid  sabstance, 
little  attention  has  been  directed  to  its  chemical  nature  since  the 
time  of  its  discovery  by  Ktlhne.*  In  fact,  Danilewskyf  is  the  only 
investigator  who  appears  to  have  studied  its  chemical  relations  to 
any  extent,  and  so  far  as  we  are  aware  no  attempt  has  ever  been 
made  to  ascertain  its  chemical  composition.  With  this  fact  in  mind, 
it  has  been  the  main  object  of  the  present  investigation  to  study  the 
chemical  composition  of  pure  myosin,  and  to  determine  the  differ- 
ences that  may  exist  in  the  chemical  nature,  or  in  the  properties,  of 
myosin  prepared  from  various  animal  sources.  Unfortunately,  our 
work  was  completed  before  Halliburton's];  recent  paper *on  muscle- 
plasma  was  published,  otherwise  we  should  have  attempted  to  verify 
some  of  his  interesting  discoveries  regarding  the  muscle  clot,  and 
possibly  have  modified  somewhat  the  character  of  our  work. 

The  researches  of  Ktlhne,  Hoppe-Seyler,§  Weyl,||  and  Danilewsky 
have  shown  that  myosin,  both  from  the  animal  and  vegetable  king- 
doms, is  a  globulin  body,  soluble  in  dilute  sodium  and  ammonium 
chloride  solutions,  as  well  as  in  sulphate  of  magnesia  and  sulphates 
of  the  alkalies,  and  precipitable  therefrom  either  by  the  addition  of 
salt  in  substance  or  by  dilution  with  much  water.  As  stated  by 
Danilewsky,  myosin  is  most  advantageously  extracted  from  muscle 
tissue  by  ammonium  chloride,  in  solutions  of  from  7-20  per  cent. 
We  have,  likewise,  found  this  to  be  the  case  by  comparative  tests, 
and  have,  therefore,  in  all  of  our  preparations  of  myosin  for  analysis, 
used  ammonium  chloride  as  the  extractive,  preferably  of  15  per  cent, 
strength.     For  separation  of  myosin   from  the  ammonium  chloride 


*Kuhne,  Protoplasma,  Leipzig,  18G4.     Also  Lehrbuch  der  physiologische  Chemie. 

f  Myosin,  soine  Daretellung,  Eigenschaften,  Umwandhmg  in  Syutonin  und  RClckbil- 
dung  aus  demselben.     Zeitsclirift  fiir  physiologische  chemie.    Band  v,  p.  158. 

t  Journal  of  Physiology,  vol.  viii,  p.  133. 

§  Handbuch  der  Chem.  Analyse,  4  Auflage,  p.  236. 

I  Beitrage  zur  kenntniss  thierischer  und  pflanzlicher  eiweisskorper,  Zeitschrift  fiir 
physiologische  Chemie,  Band  i,  p.  72. 
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solution  we  have  mainly  employed  two  methods,  either  dilation  with 
a  large  volume  (»f  distilled  water,  or  dialysis  of  the  ammoniam 
chloride  solution  until  the  salt  is  entirely  removed.  In  this  latter 
process,  we  have  often  observed  that  the  separation  of  myosin 
partakes  more  of  the  nature  of  a  coagulation  than  of  an  ordinary 
precipitation.  A  moderately  strong  animonium  chloride  solution 
of  myosin,  on  being  placed  in  a  parchment  bag  and  suspended  in 
running  water,  will  ordinarily  at  the  end  of  two  or  three  days  be 
converted  into  a  semi-solid,  jelly-like  mass,  which  later  on  contracts 
more  or  less,  but  still  shows  all  the  characters  of  a  genuine  clot. 
In  fact,  we  are  inclined,  with  Halliburton,  to  consider  this  a  genuine 
re-coagulation  rather  than  a  precipitation.  We  are  inclined,  how- 
ever, to  believe  that  separation  of  myosin  by  dialysis  is  hardly  as 
satisfactory  in  the  preparation  of  small  quantities,  as  precipitation  by 
water,  since  on  dialysis  the  jellying  of  the  myosin  naturally  tends  to 
enclose  some  of  the  salt  and  also  any  other  proteids  possibly  present 
in  the  solution,  while  by  precipitation  with  water  the  myosin  is  floe- 
culent,  easily  washed  and  thus  more  surely  freed  from  both  salt  and 
albumin. 

Myosin  A,  from,  ox  muscle.' 

The  first  sample  of  myosin  was  prepared  from  a  freshly  killed  ox. 
The  finely  chopped  muscle  from  the  thigh  was  freed,  so  far  as  possi- 
ble, from  all  traces  of  blood  and  soluble  albumin  by  long  soaking 
and  frequent  kneading  with  water.  The  water  was  frequently 
changed  and  kept  thoroughly  thymolized  so  as  to  prevent  any  ap- 
proach to  putrefaction.  When  the  washings  failed  to  give  any  tur- 
bidity by  heat,  or  by  acetic  acid  and  potassium  f errocyanide,  the 
washed  tissue  was  placed  in  10  litres  of  a  15  per  cent,  solution  of  am- 
monium chloride  for  extraction  of  the  myosin.  The  resultant  opales- 
cent fluid  was  filtered  through  paper  and  the  myosin  precipitated 
by  saturation  with  sodium  chloride.  The  precipitate  was  quickly 
strained  ofl*,  dried  somewhat  between  folds  of  filter  paper,  dissolved 
in  a  small  amount  of  water  and  reprecipitated  by  treatment  of  the 
fluid  with  a  large  volume  of  water.  The  precipitate  so  obtained 
was  washed  with  water  until  the  washings  gave  no  reaction  for 
chlorides,  when  it  was  treated  with  weak  alcohol  and  finally  with 
95  per  cent,  and  absolute  alcohol,  and  ether. 

When  partially  dried,  it  was  ground  fine  and  further  dried  at  110* 
C.  until  of  constant  weight,  for  analysis. 

Its  composition  is  shown  in  the  accompanying  table. 
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Myosin  B^from  ox  muscle. 

A  solution  of  myosin  in  15  per  cent,  ammonium  chloride  was  pre- 
pared from  4  kilos,  of  freshly  killed  beef,  as  described  under  A. 
The  myosin  was  then  separated  from  the  solution  by  dialysis,  con- 
tinued until  nearly  all  of  the  chloride  was  removed.  The  last  traces 
of  the  ammonium  salt  were  separated  by  filtration  of  the  gelatinouB 
myosin  through  chamois  skin,  and  washing  with  water.  The  prepa- 
ration was  then  treated  exactly  as  A,  and  dried  at  110°  C.  for  analysis. 

By  long  continued  contact  with  water,  as  in  dialysis,  the  precipi- 
tated or  coagulated  myosin  is  rendered  insoluble  in  dilute  salt  sola- 
tions,  as  noticed  by  Weyl  and  others,  hence  in  this  preparation  it  was 
not  possible  to  purify  the  substance  by  reprecipitation. 

The  composition  of  the  product  (see  the  accompanying  table)  is 
essentially  the  same  as  that  of  the  preceding  preparation. 

Myosin  (7,  from  a/ieep^s  fnuscle. 

This  sample  of  myosin  was  obtained  from  fresh  mutton  in  essen- 
tially the  same  manner  as  the  preceding  preparation,  viz  :  by  extrac- 
tion of  the  thoroughly  washed  tissue  with  15  per  cent,  ammonium 
chloride,  and  separation  of  the  myosin  by  dialysis. 

On  analysis,  it  was  found  to  possess  a  somewhat  higher  percentage 
of  carbon  than  tho  two  myosins  from  ox  muscle,  but  in  other  respects 
it  was  identical  with  them. 

Mt/o.^in  J),/rn/fi,  raf/'s  muscle, 

A  Holution  of  myosin  was  proj)ared  I'nun  3  kilos,  of  fresh,  lean  mus- 
cle from  a  youn<^  calf,  by  extraction  of  the  thoroughly  washed  tissue 
with  15  per  cent,  ammonium  chloride  solution. 

From  one-lialf  of  the  fihered  fluid,  myosin  was  precipitated  by 
<lilution  with  water  and  purified  by  washing  with  water  until  chlo- 
rides were  entirely  removed.  It  was  then  washed  with  weak  alcohol, 
finally  with  absolute  alcohol  and  ether,  and  then  dried  at  110°  C.  for 
analysis  (D'). 

From  the  other  half  of  the  ammonium  chloride  solution,  myosin 
was  separated  by  addition  of  ammonium  chloride  in  substance.  The 
precipitate  was  freed  from  excess  of  ammonium  chloride  by  addi. 
tion  of  just  enougli  water  to  dissolve  the  salt,  after  which  the  floc- 
culent  myosin  was  straii»ed  off,  dissolved  in  a  little  water,  and  precip- 
itated by  pouring  tlie  solution  into  a  large  volume  of  water.     It  was 
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then  washed  with  water,  alcohol,  and  ether,  and  dried  at  110°  C. 
(D°). 

The  composition  of  both  products  is  shown  in  the  accompanying 
tables. 

From  the  analytical  data  it  is  seen  that  the  two  preparations  show 
close  agreement,  although  there  are  minor  differences;  D",  for  exam, 
pie,  containing  a  slightly  higher  percentage  of  carbon  and  a  corres- 
pondingly lower  percentage  of  nitrogen  than  D^  Further,  D"  con- 
tains less  than  half  as  much  ash  as  the  other  preparation.  Both  show 
fairly  close  agreement  with  the  myosins  from  ox  muscle,  with  per- 
haps a  slightly  higher  average  percentage  of  nitrogen. 

Myosifi  E^  from  fish. 

So  far  as  we  are  aware,  little  attention  has  been  paid  to  the  my- 
osin from  fish  fiesh.  Myosin  is  assumed  to  be  present  and  is  supposed 
to  be  of  the  same  general  nature  as  the  myosin  from  other  forms  of 
muscle  tissue. 

We  first  tried  the  separation  of  myosin  from  fresh  cod  {Gadus 
caUariaa  or  Q,  morrhua),  using  2  kilos,  of  the  fresh,  lean  tissue  ob- 
tained in  market.  The  final  ammonium  chloride  extract  (15  per 
cent.)  failed  to  give  anything  more  than  an  insignificant  precipitate, 
either  by  dilution  with  water  or  by  saturation  of  the  fluid  with 
sodium  chloride. 

A  second  preparation  was  attempted  from  the  flesh  of  the  halibut 
{Hippoglossus  vulgaris) ;  2*5  kilos,  of  fresh  tissue,  free  from  fascia,  fat 
and  integument  were  thoroughly  extracted  with  thymolized  water 
for  several  days,  the  chopped  tissue  being  well  rubbed  up  with  the 
water  to  insure  complete  removal  of  soluble  albumins,  etc.  The 
thoroughly  washed  fibre  was  then  triturated  with  a  15  per  cent, 
ammonium  chloride  solution  and  allowed  to  stand  in  contact  with  it 
for  24  hours.  The  filtered  fluid  gave  a  decided  precipitate  on  boiling, 
and  also  on  addition  of  salt  to  saturation. 

Myosin  was  separated  from  the  ammonium  chloride  solution  by 
dialysis  as  a  more  or  less  gelatinous  precipitate,  and  was  prepared 
for  analysis  by  washing  with  thymolized  water,  and  treatment  with 
alcohol  and  ether. 

Dried  at  110°  C.  until  of  constant  weight,  it  yielded  the  following 
results : 

I.  0*3835  gram  substance  gave  0*2043  gram  11,0  =  6  08  per  cent. 
H  and  0-6267  gram  C0,=  51*16  per  cent.  C. 

Trans.  Cokn.  acad.,  Vol.  Till.  lo  Dec,  18S8. 
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II.  0-4895  gram  substance  gave  67*8««  N  at  16-4*  C.  and  761-6"" 
pressure  ^  16*50  per  cent.  N. 

III.  0-4939  gram  substance  gave  0*0116  gram  ash  =::  2*35  per  cent. 

Percentage  composition  of  asb-free  sobstancey 
C  52-39,  H  6-97,  N  16-74. 

The  amount  of  mvosiii  obtained  from  the  fish  muscle  was  not  at 
all  commensurate  with  the  amount  of  ilesh  experimented  with. 
Danilewsky,*  however,  found  in  the  muscle  tissue  of  the  perch  8-56 
per  cent,  of  myosin  as  contrasted  with  7*5  per  cent,  in  ox  muscle. 
Whether  our  inability  to  separate  a  corresponding  amount  from  the 
tissue  of  the  cod  and  halibut  was  due  to  the  character  of  the  tissue, 
to  its  possible  staleness,  or  to  inferior  methods  of  separation  we 
cannot  say.  Certainly,  the  yield  of  myosin  in  our  case  was  not  is 
great  as  from  the  muscle  tissue  of  the  ox,  calf,  lamb  or  sheep. 

In  composition,  and  in  such  reactions  as  we  were  able  to  try,  the 
fish  myosin  was  not  unlike  the  myosin  from  other  preparations. 

Myositi  F^  from  ox  muscle, 

A  solution  in  15  percent,  ammonium  chloride  was  prepared  as  in 
preceding  cases  and  the  myosin  precipitated  by  addition  of  a  large 

amount  of  water. 

One  hult"  of  the  precipitated  myosin  was  washed  with  water  until 
all  aninioniurn  chloride  was  removed,  then  with  alcohol  and  ether, 
an<l  <lried  for  analysis  (K^). 

The  other  half  of  the  invosin  was  waslied  somewhat  with  water, 
not  enough  to  rcMider  it  insoliiblc,  then  dissolved  in  10  per  cent, 
sodium  chloride  solution,  reprecipitatod  by  dilution  with  water,  thor- 
oughly wasluMl  and  dried  (F"). 

The  composition  of  the  two  products  is  shown  in  the  accompanying 
tables.  The  results  show  close  agreement  with  each  other,  and  with 
the  preceding  pre2)arations. 

Myof<i/i  G^  from  ox  musck, 

Accordini^  to  Danilewsky,  a  15  per  cent,  solution  of  ammonium 
chloride  is  stronger  tiian  necessary  for  the  extraction  of  ^myosin  from 


*  U'.'bi.T  <lie  AMiiiiiuliijjrkcit  ([vy  coiilnictioii.-iiit  d'T  imiskolu  von  der  niODgou  ver- 
lialtnisf.^rii  viiii;<L'r  ihrur  Beataniltbcik'.  ZuiltfeliriU  fiir  phytsiologischo  Chemie.  Band 
vii,  p.  124. 
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muscle  tissue.  In  fact,  microscopic  examination  showed  that  15  per 
cent,  solutions  of  this  salt  generally  cause  destruction  of  the  muscle 
fibres,  while  weaker  solutions  of  the  ammonium  salt,  as  5  per  cent., 
extract  the  myosin  equally  well,  without  injuring  the  structural 
elements  in  the  least. 

Thinking  that  possibly  a  purer  myosin  might  be  obtained  by  the 
use  of  a  weaker  salt  solution,  several  kilos,  of  thoroughly  washed 
muscle  tissue  were  rubbed  up  with  an  excess  of  5  per  cent,  ammo- 
nium chloride  and  kept  in  contact  with  it  for  48  hours.  From  the 
filtered  solution,  myosin  was  separated  by  addition  of  a  large  volume 
of  water  and  the  product  washed  and  dried  for  analysis  (G'). 

The  tissue  remaining  after  extraction  as  described,  was  treated 
with  a  fresh  5  per  cent,  solution  of  ammonium  chloride,  and  from 
this  iluid  a  second  precipitate  of  myosin  was  obtained  by  addition  of 
water.     This  also  was  washed  and  dried  for  analysis  (G"). 

The  residue  of  tissue  still  remaining  was  then  extracted  with  a  16 
per  cent,  solution  of  ammonium  chloride.  The  extract  so  obtained 
gave  a  flocculent  precipitate  on  saturation  with  sodium  chloride,  and 
a  coagulum  appeared  on  boiling  the  solution,  but  no  precipitate  could 
be  obtained  on  addition  of  a  large  volume  of  water.  It  is  thus  evi- 
dent that  there  was  an  almost  complete  extraction  of  myosin  by  the  5 
per  cent,  solution  of  the  ammonium  salt. 

On  precipitating  the  small  amount  of  myosin  present  in  the  15  per 
cent,  ammonium  chloride  solution  by  saturation  of  the  fluid  with 
salt,  a  clear  filtrate  was  obtained  which  gave  a  turbidity  on  boiling 
and  also  on  addition  of  acetic  acid  and  potassium  ferrocyanide,  thus 
showing  the  presence  of  a  small  amount  of  soluble  albumin. 

The  composition  of  the  two  myosins,  as  seen  from  the  accompany- 
ing tables,  does  not  difier  at  all  from  that  of  other  preparations. 


Myosin  H^  from  muscle  of  sheep. 

In  this  preparation,  the  thoroughly  washed  and  chopped  muscle 
was  partially  extracted  with  a  5  per  cent,  ammonium  chloride  solu- 
tion, and  the  myosin  separated  by  addition  of  water.  It  was  then 
washed  and  dried  for  analysis  (H*). 

The  residue  of  tissue  was  extracted  with  a  15  per  cent,  solution  of 
ammonium  chloride  and  the  myosin  separated  from  this  solution, 
likewise,  by  addition  of  water  (H"). 
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R£sum£  of  the  Analytical  Results. 


Myosin   A,   from  ox 

B,  ** 

C,  **       sheep.. 
D',  **      calf  ... 

D",  **         **    

E,  **       halibut 

F«,  **       ox....  . 

F",  ** 

G',  ** 

G",  ** 

H',  **       sheep 


t( 


«( 


*( 


H",   •* 

I,      **       ox 


Average. 


Fibrinogen* 
Fibrin*.... 


52-84   I 

I 

52-51   ' 

58-24 

52-84 

52-97 

52-89 

52-99 

52-88 

58-05 

52-82 

52-84 

52-57 

52-79 

52-82 

52-93 
52-68 


Paraglobulin*  . .  .  ;    5271 

Egg  albnminf 52-18 


F! 

712 
7-09 
7-12 
7-11 
718 
6-97 
7-11 
7-10 
7-19 
7-11 
7-10 
7-10 
7-12 

7-11 


N 
J  6-89 
16-58 
16-45 
17-14 
16-96 
16-74 


16-52 
16-80 
16-91 
16-84 
16-86 

16-77 


S 
1-49 
1-25 
1-28 
1-88 
1-25 


16-78        1-29 
16-74        1-81 


1-18 
1-16 
1-28 
1-16 
1-26 

1-27 


0 
21-66 
22-62 
21-96 
21-58 
21-69 

21-88 
22-02 
22-06 
22-11 
21-87 
22*38 
21-97 

21-90 


6-90 

16-66 

1-25 

22-26 

6-88 

16-91 

1-10 

22-48 

7  01 

15-85   , 

1-11 

23-82 

6-98 

15-81  ' 

1-87 

28-21 

♦  Rammarsten,  Jahresbericht  der  Thierchemie,  vol.  x,  p.  11. 

f  Chittenden   and    Bolton.     Studies  from   Laboratory  of  Physiological  Chemistry, 
Yale  University,  vol.  ii,  p.  134. 
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The  two  products  arc  seen  to  be  practically  identical  in  compo* 
sition,  and  show  close  agreement  with  the  other  preparations  of 
myosin. 

Myosin  I^from  muscle  of  ox. 

This,  the  last  product  analyzed,  was  obtained  from  an  ammoniam 
chloride  extract  of  the  washed  muscle  tissue  from  a  freshly  killed 
ox,  by  dialysis.  After  being  washed  and  dried  at  110**  C.  it  was  ana- 
lyzed with  the  results  shown  in  the  accompanying  tabic 

On  comparing  now  the  composition  of  the  thirteen  preparations  of 
myosin  analyzed,  there  is  seen  to  be  a  very  close  agreement  through- 
out. Further,  on  comparing  the  average  of  the  analytical  results 
with  Ilammarsten's  figures  for  fibrinogen,  the  composition  of  the 
two  bodies  is  seen  to  be  almost  identical.  .  Compared  with  egg 
albumin,  the  most  striking  difference  in  composition  is  the  low 
content  of  sulphur,  and  even  if  we  assume  with  Danilewsky*  that 
the  sulphur  of  the  ash  comes  from  the  sulphur  of  the  myosin  the 
correction  therefor  would  not  materially  lessen  the  diflTerenoe. 
Myosin  also  contains  nearly  one  per  cent,  more  nitrogen  than  egg 
albumin. 

Coagulation  of  myosin  solutions. 

According  to  Ku!nic,f  the  coagulation  of  myosin  in  a  10  per  cent, 
sodium  cliloride  solution  occurs  at  55-60°  C.  WeylJ  obtained  similar 
results.  Danilewskyg  states  that  a  12-15  per  cent,  ammonium  chloride 
solution  of  mvoHin  l)ccoriu*s  somewhat  turbid  at  42-43°  C,  decidedly 
turbid  at  45-50°  C,  while  at  55°  C.  a  flocculent  precipitate  sep- 
arates. The  same  investigator  also  found  that  the  more  concentrated 
the  ammonium  chloride  solution  was,  the  lower  the  temperature  at 
which  the  turbidity  and  separation  of  a  precipitate  occurred,  although 
never  below  40°  C.  In  common  with  other  proteid  bodies  a  slight 
degree  of  acidity  lowers  the  temperature  of  coagulation,  while  a  cor- 
responding degree  of  alkalinity  raises  it.     According  to  the  recent 

*  Zeit>('lirit't  fiir  Physioiogi.schi*  Cheiiiie,  Band  v,  p.  161. 
f  lit'lirbiicli  (ier  Pliysiologischon  (^liemie.  p.  275. 
\  Zeitrtclirift  fiir  Pliysiologische  Ciicmie,  Band  i,  p.  77. 
g  Zeitsohrift  fiir  Pliysioloj<isdie  (-heinie,  Band  v,  p.  160. 
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work  of  Halliburton,*  musole-clot  or  myosin  is  formed  from  a  sub- 
stance (rayosinogen)  in  the  muscle-plasma  which  coagulates  by  heat 
at  47°  C.  and  56°  C,  thus  indicating  that  it  probably  consists  of  two 
distinct  proteids  which  coagulate  at  these  temperatures  respectively. 
Further,  Halliburton  considers  that  whenever  myosin  is  dissolved  in 
a  suitable  saline  solution,  it  is  at  once  re-converted  into  myosinogen, 
or  rather  into  two  proteids  which  resemble  myosinogen  in  that  they 
have  the  same  heat  coagulation  temperatures  and  that  they  are  con- 
vertible into  myosin  by  dilution  of  their  saline  solutions.  In  salted 
muscle-plasma,  Halliburton  recognizes  five  distinct  proteid  bodies, 
distinguishable  by  fractional  heat  coagulation,  viz  : 

47°  C,  a  flocculent,  somewhat  sticky  precipitate. 
56**  C,  a  more  abundant  and  very  sticky  precipitate. 
63°  C,  a  finely  flocculent  precipitate,  not  sticky. 
73°  C,  a  finely  flocculent  precipitate,  not  sticky. 
A  non-coagulable  albumose. 

Of  these,  the  two  proteids  coagulating  at  47°  C.  and  56**  C,  make 
up  the  muscle-clot  or  myosin. 

With  these  preliminary  statements,  we  proceed  to  the  results  ob- 
tained in  our  study  of  the  coagulation  points  of  the  diff'erent  myo- 
sins, simply  prefacing  it  with  the  explanation  that  our  experi- 
ments were  performed  previous  to  reading  Halliburton's  paper. 
Naturally,  the  temperature  of  coagulation  offers  the  simplest  and 
surest  means,  in  conjunction  with  the  determination  of  composition, 
of  detecting  any  difference  in  the  character  of  the  myosins  from 
different  sources.  And  with  this  as  the  main  object  the  following 
experiments  were  tried.  In  every  experiment,  the  muscle  tissue  was 
chopped  quite  fine  and  very  thoroughly  extracted  with  water,  well 
thymolized,  prior  to  solution  of  the  myosin  with  the  saline  fluid. 

We  first  demonstrated  to  our  satisfaction  that  a  5  per  cent,  ammo- 
nium chloride  solution  of  myosin  invariably  coagulates  at  a  lower 
temperature  than  a  5  per  cent,  sodium  chloride  solution,  and  further, 
that  the  original  saline  extract  of  washed  muscle  shows  approxi- 
mately the  same  temperature  of  coagulation  as  the  salt  solution  of 
preci[>itated  myosin. 

*  Journal  of  Physiology,  vol,  viii,  p.  148. 
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FloocukBt 
Turbidity.       precipiute. 

A.     5  per  cent.  NIl^CI  extmct  of  slieep's  muscle.     43**  C.         47*^  C. 

H.  5  per  cent.  Nll^Cl  solution  of  II,0  precipi- 
tate of  myosin,  from  A.  44**  48*^ 

C.  5  per  cent.  NaCl  solution  of  11,0  precipitate 
of  myosin,  from  A. 

I).    5  per  cent.  NH^Cl  extract  of  ox  muscle. 

K.  5  per  cent.  NaCl  solution  of  H,0  precipitate 
of  myosin,  from  D. 

F.  5  per  cent.  NH^Cl  extract  of  lamb's  muscle. 

G.  5  per  cent.  NaCl  solution  of  II,0  precipitate 

of  myosin,  from  F. 
H.     5  per  cent.  NII^Cl  extract  of  calfs  muscle. 
I.      5  per  cent.  NaCl  extract  of  same. 

J.     5  per  cent.  N  H^Cl  extract  of  breast  muscle 

from  chicken. 
K.     5  per  cent.  NaCl  extract  of  same. 

L.     5  per  cent.  NH^Cl  extract  of  leg  muscle  from 

chicken. 
M.    5  per  cent.  NaCl  extract  of  same. 

In  all  of  these  trials,  the  filtrate  from  the  flocculent  precipitate 
failed  to  show  any  further  coagulation,  although  the  temperature 
was  rais(j(l  to  above  7o°  C. 

The  reiJults  show  a  varying  difference  in  the  coagulation  points  of 
the  annnoniuin  and  sodium  cliloride  solutions,  but  on  an  average  the 
difference  amounts  to  eleven  degrees.  It  further  appears  that  the 
myosin  solutions  (in  NaCl)  from  lamb,  calf,  and  chicken  muscle  have 
a  somewhat  lower  coagulating  point  than  the  corresponding  extracts 
from  ox  and  sheep  muscle. 

In  another  series  of  results,  shown  in  the  accompanying  table,  the 
same  difference  in  coagulation  point  shows  itself,  and  it  is  further  seen 
that  the  extracts  from  rabbit's  and  halibut's  muscle  have  a  still  lower 
coagulating  point.  Further,  in  this  series  of  experiments,  the  filtrate 
from  the  first  coagulum  gave  a  second  precipitate  on  raising  the  tem- 
perature, and  in  the  case  of  the  muscle  from  ox  and  lamb,  a  third 
coaij;ulum  was  obtained  at    71'  C 


57° 

•a" 

40° 

44° 

67° 

62° 

44° 

47° 

61° 

67° 

41° 

44° 

53° 

56° 

43° 

46° 

68° 

57° 

45° 

48° 

6«° 

61° 
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Coagulation  op  Myosin  Solutions. 


Nature  of 

tho  Solution, 
ent.  NaCl. 

Coagulation  of  the  Solution. 

Flooculent 
Turbidity.              precipitate. 

Goai^lation 

of  the  filtrate. 

5  per  c 

Turbidity. 

Flocculeot 
precipitate. 

Sheep's  inuHcle. 

57  C. 

63' C. 

68' C. 

73' C. 

Ox 

58" 

63' 

66' 

72' 

Rabbit'H 

58' 

57' 

62' 

66' 

Pig'H 

56^ 

60° 

65' 

70° 

Laiub*H 

53" 

60* 

Calfs 

58° 

57' 

66' 

70' 

Halibut's 

47'^ 

68' 

55' 

60' 

Ox 

57" 

62° 

64' 

66* 

Lamb's 

55' 

63° 

68° 

68' 

CalfH 

58" 

59' 

68' 

66' 

C-hicken 

(breast) 

58^ 

57° 

61- 

67' 

(< 

(leK) 

56° 

61' 

l-iobster* 

65° 

Tlie  results  collectively  fail  to  show  the  presence  of  a  proteid 
coacfulating  at  47°  C,  given  by  Halliburton  as  characteristic  of  myo- 
sin, but  they  do  show  a  coagulum  at  50°  C.  or  thereabouts,  correspond- 
ing to  Halliburton's  second  proteid.  This  difference  is  possibly  due 
to  tho  cbaracter  of  the  saline  solution,  Halliburton  having  used  a 
magnesium  or  ammonium  sulphate  solution.  The  coagulums  obtained 
at  higher  temperatures  show  an  approach,  at  least,  to  the  figures  found 
by  Halliburton  in  his  fractional  coagulation  of  salted  muscle-plasma. 


♦Lobster  did  not  yield  enough  myosin  to  permit  of  an  exact  determination,  still  a 
decided  turbidity  was  present  at  05"  C.  Tho  addition  of  water  to  tho  5  per  cent.  NaCj 
solution,  ^Yo  a  flooculent  procipitjito  which  changed  to  a  glairy  mass  resembling  much 
the  white  of  an  egg.  On  washing  witli  water  it  became  insoluble,  but  differed  in 
general  appearance  from  similar  precipitates  from  other  sources. 


Trans.  Conn.  Aoad.,  Vol.  VII 1. 


is 


Deo.,  18S8. 
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A  careful  study  of  the  preceding  results,  combined  with  what  has 
been  known  concerning  the  chemical  properties  of  myosin,  seems  to 
justify  the  assumption  that  myosin,  as  it  occurs'  throughout  the  ani- 
mal kingdom,  is  a  single  chemical  compound,  doubtless  formed,  as 
suggested  by  Halliburton,  by  the  interaction  of  one  or  more  myosin- 
ogens  and  a  ferment  body.  That  myosin  is  a  single  body,  is  sup* 
ported  by  the  observed  agreement  in  chemical  composition  and  the 
general  uniformity  in  the  temperature  of  coagulation  of  myosin  from 
various  animal  sources,  and  is  furthermore  to  be  inferred  from  the 
similarity  in  function  of  the  tissue  in  which  it  occurs  most  abun- 
dantly. 


Myosinoses.     By  W.  Kuhnb  and  R.  H.  Chittenden. 

Op  the  primary  digestion  products  of  the  various  proteids,  the 
albumoses  from  fibrin  *  and  egg  albumin  f  have  been  more  or  less 
carefully  examined  and  analyzed,  as  also  the  globuloses,|  the  case- 
oses,§  and  elastinoses.  ||  Further,  the  vitelloses  %  have  likewise  been 
prepared  from  crystalline  phyto-vitellin  and  their  properties  ascer- 
tained. With  the  hope  of  gradually  completing  the  list  we  have 
undertaken  a  study  of  the  primary  digestion  products  of  myosin,  the 
results  of  which  we  now  present. 

For  the  preparation  of  myosin,  large  quantities  of  finely  divided 
ox  muscle  were  extracted  with  cold  water  until  the  fiuid  no  longer 
gave  reaction  for  albumin,  after  which  the  tissue  was  placed  in  an 
excess  of  a  15  per  cent,  ammonium  chloride  solution,  and  the  myosin 
ultimately  precipitated  from  the  filtered  fluid  by  dialysis.**  The  ex- 
traction of  myosin  with  ammonium  chloride,  after  the  method  of 
Danilew8ky,tt  is  far  better  in  every  way  than  the  older  method  of 
extraction  with  10  per  cent,  sodium  chloride,  since  myosin  is  dis- 
solved more  rapidly  and  completely  by  the  ammonium  salt,  even 
from  coarsely  divided  muscle,  and  at  the  same  time  forms  a  more 
easily  filterable  fluid.  Further,  the  advantage  of  precipitating  the 
myosin  by  dialysis  in  running  water,  instead  of  pouring  the  ammo- 
nium chloride  solution  into  a  large  excess  of  water,  consists  in  the 
avoidance  of  the  large  volumes  of  fluid  necessary  in  the  preparation 
of  such  a  large  quantity  of  myosin,  while  at  the  same  time  the  my- 
osin is  obtained  equally  free  from  soluble  salts.  At  the  best,  how- 
ever, the  preparation  of  such  a  quantity  of  myosin  as  was  needed  in 
the  present  investigation  involved  a  large  amount  of  labor  and  a 
comparatively  low  temperature,  hence  compelling  us  to  take  the 
winter  season  for  the  work.  The  united  products  obtained  in  this 
manner  were  treated  ultimately  with  dilute  alcohol,  whereby  the 
semi-gelatinous  mass  was  naturally  more  or  less  shrunken,  and  finally 
with  ether. 

*  Zeilschrift  fur  Biologie,  Band  xix,  p.  159  and  Band  xx,  p.  11. 

f  Studies  from  Laboratory  of  Physiological  Chemistry,  Yale  University,  vol,  ii,  p.  126. 

t  Zeitschrift  fiir  Biologie,  Band  xxii,  p.  409. 

§  This  volume,  p.  66.  [This  volume,  p.  19. 

^  Ueber  vitellosen,  by  Dr.  R.  Neumcister.    Zeitschrift  fiir  Biologie.    Baod  xxiii,  p.  2. 

**  See  the  preceding  article. 

ff  Zeitschrift  fiir  Physiologische  Chemie,  Band  v,  p.  158 
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A  sample  of  the  product,  carefully  dried  at  110^  C.  until  of  con- 
stant weight,  yielded  the  following  results  on  analysis. 


C. 


cent 


mm 


mm 


Myosin. 

0'2313  gram  H,0  =  7-01   percent 

48  per  cent. 


Myosin. 

I.  0*3665  gram  substance  gave  0*2313  gram  H^O  =  *!'i 
H  and  0*7053  gram  C0,=  52*48  per  cent.  C. 

II.  0*4900  gram  substance  gave  0*9404  gram  CO,=  52* 

in.  0*2913  gram  substance  gave    0*1868  gram  H,0  =  7*13   \ter 
nt.  H  and  0*5596  gram  CO,  z=  52*38  per  cent.  C. 

IV.  0*7746  gram  substance  gave  109*1  c.c.  N  at  16*4°  C.  and  759*8 
m  pressure  =  16*73  per  cent.  N. 

V.  0*5013  gram  substance  gave  70*6  c.c.  N  at  14*7°  G.  and  757*8 
m  pressure  =  16*72  per  cent.  N. 

VI.  0*7524  gram  substance  gave  105*9  c.c.  N.  at  15*0°  C.  and  760*7 
mm  pressure  =:  16*77  per  cent.  N. 

VII.  0*6629  gram  substance  gave  0*0043  gram  ash  =  0*05  per 
cent. 

VIII.  0*6741  gram  substance  gave  0*0046  gram  ash  =  O'iiS  [ter 
cent. 

IX.  Tlie  ash  from  1*3370  grams  substance  gave  0*002  gram  BaSO, 
=  0*02  per  cent.  S. 

X.  0*4967  gram  Hii]>Htiinci'  giivc  by  fusion  with  koii  +  kno^,  after 
Hammarsten's  method,  0*0458  prniin  l>aS()^=:  l-2(>  per  cent.  S;  de- 
ducting 0*02  per  cent.  8  of  asli  =:  1  '24  per  cent. 

XI.  0*5992  gram  substance  gave  after  fusion  with  Koii-f-KNo, 
0-0552  gram  Ba80^=r2H  percent.  S;  dedueting  0*02  per  cent.=il-2ri 
per  cent. 

Percentage  vomposition  of  (ush-free  myosin. 

Avt'raire. 

C        5283        52-83        52*73         ....           52  79 

H         7-()6         ....          717 7-l:i 

N          16-86       16-83       16-88          .._         ....  1«-,S6 

S           ....            1-25         1-27  1-26 

O          :iM)7 


The  ash  consisted  ahnost  entirely  of  calcium  phospliate. 


10()-(H) 


iJlgestion  of  Myositi. 

The  myosin   purified  as  described  witli  alcoliol  and  ether,  proved 
so  resistant  to  the  action  of  pepsin-hydrochloric  acid,  that  its  diges- 
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tiou  could  be  accomplished  only  by  repeated  treatment  with  the  fer- 
ment. The  gastric  juice  at  first  emyloyed  was  prepared  by  warming 
120  grams  of  mucous  membrane  from  a  pig's  stomach  with  1200  c.  c. 
0*4  per  cent,  hydrochloric  acid  for  24  hours  at  41°  C.^  filtration 
through  paper,  dilution  of  the  acid  fluid  with  an  equal  volume  of 
water  and  further  exposure  to  a  temperature  of  40°  C.  for  four  days, 
in  order  to  convert  any  dissolved  albumoses  into  peptone. 

The  digestive  fluid  so  obtained  contained  0*2  per  cent.  HCl  and 
0*5  per  cent,  solid  matter. 

200  grams  of  finely  powdered  myosin  were  placed  in  2  litres  of 
this  gastric  juice,  2  litres  of  0*2  per  cent,  hydrochloric  acid  added 
and  the  whole  warmed  at  40°  C.  for  two  days.  As  only  a  little  of 
the  myosin  appeared  to  be  dissolved,  the  acidity  was  increased  to 
0*4  per  cent,  and  the  mixture  continued  at  40°  C.  for  24  hours  longer. 
Although  a  large  residue  still  remained  undissolved,  the  entire 
mixture  was  made  neutral  with  sodium  hydroxide  and  strained 
through  a  cloth  filter.  The  undigested  residue,  together  with  the 
abundant  neutralization  precipitate,  was  again  warmed  for  several 
days  at  40°  C.  with  2  litres  of  0*4  per  cent,  hydrochloric  acid  con- 
taining 7*5  grams  of  scrapings  from  a  stomach  mucous  membrane. 
After  stopping  the  action  of  the  pepsin  by  neutralization,  this  second 
digestive  fluid  was  added  to  the  first.  In  spite  of  the  energetic 
action  of  the  pepsin  (tested  by  allowing  a  little  of  the  solution  to 
act  on  boiled  fibrin),  there  still  remained  considerable  undissolved 
substance  together  with  considerable  neutralization  precipitate,  the 
whole  aj)parently  very  resistant  to  the  action  of  the  fennent.  In  the 
united  solutions  there  was  present  less  than  100  grams  of  organic 
matter,  of  which  it  is  fair  to  presume  about  10*5  grams  consisted  of 
impurity  in  tlie  form  of  substances  from  the  stomach  membrane. 
Wlien  it  is  remembered,  however,  that  well  prepared  gastric  juice 
contains  only  a  very  small  amount  of  substances  precipitable  by  the 
salts  used  in  separation  of  the  proteoses,  it  is  fair  to  assume  that  this 
impurity  in  the  digestive  fluid  is  unimportant  in  the  study  of  the 
myosinoses.     In  all,  nearly  60  grams  of  myosinoses  were  obtained. 

For  separation  of  the  myosinoses,  the  united  neutral  filtrates  were 
concentrated  to  about  one-sixth  of  their  volume  and  saturated  with 
crystals  of  rock  salt,  by  which  the  fluid  was  converted  into  a  gelatinous 
mass.  On  adding^saturated  salt  solution  to  a  portion  of  the  filtered 
fluid  it  was  rendered  decidedly  turbid ;  consequently,  three  volumes 
of  a  saturated  sodium  chloride  solution  were  added  to  the  mixture, 
after  which  it  was  found  that  neither  salt  in  substance  or  in  solution 
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would  give  any  further  turbidity.  From  this  it  is  evident  that  the 
neutral  digestive  fluid  is  not  completely  precipitated  by  simple  satu* 
ration  with  sodium  chloride,  but  that  complete  precipitation  is 
reached  only  when  the  absolute  quantity  of  salt  stands  in  a  certain 
proportion  to  the  proteoses  present. 

After  this  separation  of  the  first  portion  of  the  myosinoses,  which 
would  naturally  consist  of  proto,  hetero,  and  dysmyosinose,  the  re- 
mainder were  precipitated  first  with  salt-saturated  30  per  cent, 
acetic  acid  and  then,  after  removal  of  the  sodium  chloride  by  dialy- 
sis, with  neutral  ammonium  sul[>hate.  In  the  solution  remaining 
from  this  last  precipitation,  peptone  was  detected  by  the  biuret  re- 
action. 

Protomyositioae, 

The  sodium  cliloride  precipitate,  after  thorough  washing  with 
saturated  salt  solution,  dissolved  almost  entirely  on  being  rubbed  up 
with  water. 

What  did  remain  undissolved,  showed  the  reactions  of  dysalba- 
mose.  It  was  insoluble  in  water  and  in  salt  solutions  of  all  strengths, 
but  easily  soluble  in  0*1  per  cent,  hydrochloric  acid,  much  more  diffi- 
cultly soluble  in  0*5  per  cent,  sodium  carbonate,  by  neutralization 
only  partially  precipitated  and  gave  the  biuret  reaction.  From  the 
filtrate  of  the  neutralized  hydrochloric  acid  solution,  some  hetero- 
myosinose  in  the  form  of  a  flocculent  precipitate  was  obtained  by 
(lialvsis.  This  hetero  body  was  soluble  in  dilute  sodium  chloride 
solutions,  insoluble  in  water,  precipitable  by  salt  in  substance,  and 
after  the  manner  of  the  albumoses  gave  a  precipitate  with  nitric  acid 
in  the  cold,  which  disaj>peared  as  the  mixture  was  warmed,  reappear- 
ing as  the  solution  cooled.  This  heteromyosinose,  formed  from  dys- 
myosinose  by  a  process  of  retrogression,  amounted  to  considerable  ; 
about  1*5  grams. 

lUactions  of  Protomy osmose. 

In  order  to  i)urify  i)rotomyosinose  the  aqueous  solution  of  the 
substance  was  freed  from  sodium  chloride  by  dialysis,  by  which  only 
traces  of  heteromyosinose  separated,  and  the  solution  evaporated  to  a 
thin  syrup.  The  fluid  was  filtered  from  a  slight  flocculent  albumin- 
like precipitate  insoluble  in  hot  water,  somewhat  further  concen- 
trated and  the  j>ure  myosinose  separated  by  alcohol.  After  washing 
with  aleohol  and  ether  it  a])peared  as  a  light,  white  pow^ler.  The 
yield  amounted  to  about  ten  grams. 
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The  reactions  of  protomyosinose  agree  in  general  with  those  of 
protoalbnmose,  but  with  one  important  difference,  viz:  that  an 
aqueous  solution  of  the  former,  free  from  salt,  of  whatever  concen- 
tration, is  not  rendered  turbid  by  nitric  acid.  Addition  of  even  a 
little  sodium  chloride  to  the  acid  fluid,  however,  is  sufficient  to  cause 
a  heavy  precipitate,  soluble  as  the  mixture  is  warmed  but  reappear- 
ing as  the  solution  cools.  The  precipitate  is  also  soluble  in  an  ex- 
cess of  the  acid  in  the  cold. 

Protomyosinose  is  readily  soluble  in  distilled  water,  the  solution 
showing  a  weak,  but  unquestionably  alkaline  reaction.  In  this  solu- 
tion, as  well  as  in  a  solution  rendered  acid  by  acetic  acid,  cupric  sul- 
phate produces  a  heavy  turbidity,  which  on  boiling  almost  entirely 
disappears.  Acetic  acid  and  potassium  ferrocyanide  produce  a  heavy 
precipitate,  insoluble  in  glacial  acetic  acid.  Neutral  lead  acetate 
gives  no  precipitate.  Basic  lead  acetate  and  mercuric  chloride 
both  produce  a  heavy  turbidity.  An  aqueous  solution  of  the 
myosinose  boiled  with  sodium  hydroxide  and  lead  acetate  is  colored 
deep  brown  or  black ;  with  sodium  hydroxide  and  cupric  sulphate  a 
beautiful  red.  Concentrated  sodium  hydroxide,  as  in  protoelastose, 
produces  a  heavy  flocculent,  gelatinous  precipitate.  By  saturation 
of  an  aqueous  solution  of  protomyosinose  with  sodium  chloride,  only 
a  portion  of  the  substance  is  precipitated  ;  the  portion  remaining  dis- 
solved is  precipitable  by  acid. 

The  composition  of  the  substance,  dried  at  110°  C.  until  of  con- 
stant weight,  is  shown  by  the  following  analysis. 

I^otomyosinose. 

I.  0'3'722  gram  substance  gave  0'238'7  gram  H,0  =  7*12  per  cent. 
H  and  0-7090  gram  C0,=  51*95  per  cent.  C. 

n.  0-4239  gram  substance  gave  0-2688  gram  H,0  =:  7*05  per  cent. 
H  and  0-8048  gram  CO^zr  51-77  per  cent.  C. 

III.  0-3319  gram  substance  gave  0*2138  gram  H^O  =  7*15  per  cent. 
H  and  0*6308  gram  C0,=  51*83  per  cent.  C. 

IV.  0-4798  gram  substance  gave  67*5  c.  c.  N  at  14*8°  C.  and  762*1 
mm  pressure  :=  16*79  per  cent.  N. 

V.  0*5663  gram  substance  gave  78-3  c.  c.  N  at  15*1°  0.  and  768-2 
mm  pressure  =  16*64  per  cent.  N. 

VI.  0-4429  gram  substance  gave  62-7  c.  c.  N  at  15*8°  C.  and  758*2 
mm  pressure  =  16*77  per  cent.  N. 

VII.  0-5494  gram  substance  gave  00062  gram  ash  :=  1*13  percent. 

VIII.  0*7080  gram  substance  gave  0*0081  gram  ash=ri4  percent. 
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IX.  The  ash  from  1*2574  grams  sabstance  gave  0'01d2  gram  BaSO^ 
=  0-14  per  cent.  S. 

X.  0*4183  gram  substance  gave  after  fusion  with  koh  -|-  kno, 
0*0450  gram  BaSO^=:r47  per  cent,  S  ;  after  deducting  0*14  per  cent. 
S  of  the  ash  ^  1  '33  |>er  cent. 

XI.  0*3963  gram  substance  gave  after  fusion  with  koh  -f-  kno, 
0*0411  gram  BaSO^^  1*42  per  cent.  S;  deducting  0*14  per  cent.= 
1*28  per  cent. 

Percentage  composition  of  ash-free  protomyosinose. 

.  Ayerage. 
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The  ash  contained  only  calcium   phosphate  and  sulphate,  with  a    • 
little  ferric  oxide. 

I>euteromy  08 171086. 

This  myosinose,  as  we  have  before  mentioned,  was  obtained  mainly 
by  saturation  with  ammonium  sulphate.  After  removal  of  the 
greater  portion  of  protomyosinose  by  saturation  with  salt  as  de- 
scribed, deutoromyosinose  was  in  part  precipitated  by  salt-saturated 
acetic  acid,  but  tbis  precipitate  could  not  be  used  on  account  of  the 
large  amount  of  proto  body  preci])itated  with  it,  as  shown  by  the 
cuj)ric  sulpliiito  reaction.  This  nietliod  of  treatment,  however, 
although  necessitating  the  loss  of  considerable  deuteromyosinose, 
enabled  us  to  rciuove  the  proto  body  completely  and  thus  ensure  a 
pure  specimen  of  deutoromyosinose  on  treatment  of  the  filtrate  with 
amnionimn  sulphate.  Naturally,  before  saturating  the  fluid  with  the  * 
ammonium  salt,  the  sodium  chloride  was  removed  by  dialysis.  The 
myosinose  thus  precii)itated  by  saturation  with  ammonium  sulphate 
was  dissolved  in  water  and  dialyzed  until  the  sulphate  was  entirely 
removed,  or  to  such  an  extent  that  the  fluid  <];ave  only  the  slightest 
turbiditv  with  barium  chloride  even  on  loni'  standing:.  We  hastened 
the  n^iiiovjil  of  the  sul])hate  by  repijated  evaporation  and  renewed 
dialysis  of  the  concentrated  fluid.  The  substance  was  finally  pre- 
ci[)itated  from  the  suitably  concentrated  fluid,  as  a  white  powder,  by 
alc^oliol  and  wash(»d   with  alcohol  and  ether.     It  weighed  forty-five 


<^rams. 
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Reactions  of  deuteromyosinose. 

Like  the  preceding  myosinose,  this  body  also  reacts  alkaline  in  an 
aqueous  solution  and  this  property  exercises  more  or  less  of  an  influ- 
ence on  certain  of  its  reactions.  In  order  to  convince  ourselves  of  the 
absence  of  traces  of  either  proto  or  heteromyosinose,  we  paid  particu- 
lar attention  to  the  behavior  of  the  deutero  body  towards  the  cuprio 
sulphate  reaction,  which  according  to  Neumeister's  observations  is  a 
decisive  test  on  this  point.  A  fairly  concentrated  solution  of  our 
preparation  was  not  rendered  turbid  by  cupric  sulphate  in  the  cold, 
but  after  boiling  and  then  cooling  the  mixture,  a  slight  turbidity 
appeared.  Solutions  of  the  substance  so  concentrated  as  to  be 
almost  syrupy,  gave  a  slight  turbidity  at  once,  the  turbidity  disap- 
pearing when  the  solution  was  heated  and  reappearing  as  the  fluid 
cooled.  By  partial  neutralization  of  the  alkalinity  of  the  myosinose 
solution,  leaving  the  fluid,  however,  still  alkaline  to  delicate  test 
papers,  precipitation  by  cupric  sulphate  was  entirely  prevented.  As 
protomyosinose  is  precipitated  by  the  copper  salt  equally  well  in  an 
acid  fluid,  we  are  led  to  consider  our  deuteroniyosinose  entirely  free 
from  this  impurity. 

In  general,  deuteromyosinose  shows  much  the  same  reactions  as 
deuteroalbumose,  but  is  somewhat  different  from  the  latter  in  that  it 
is  more  difficultly  precipitable.  Acetic  acid  and  nitric  acid  produce 
a  precipitate  only  after  addition  of  sodium  chloride  to  saturation. 
Acetic  acid  and  potassium  ferrocyanide  give  a  decided  turbidity,  not 
soluble  in  glacial  aectic  acid.  Basic  lead  acetate  and  mercuric 
chloride  both  produce  a  precipitate,  insoluble  in  excess  of  the  rea- 
gent. Cold  nitric  acid  quickly  produces  an  intense  yellow  color. 
The  biuret  reaction  comes  out  distinctly,  but  on  boiling  the  my- 
osinose with  sodium  hydroxide  and  lead  acetate  only  a  faint  brown- 
ing of  the  fluid  is  obtained. 

The  composition  of  the  substance,  dried  at  110°  C,  is  shown  by 
the  following  analysis : 

Detiteromi/osinose, 

I.  0-2121  gram  substance  gave  0-l.'394  gram  IT,0  z=  7*30  per  cent. 
II  and  0-3896  gram  C03=  50-09  per  cent.  C. 

II.  0*2115  gram  substance  gave  0*1390  gram  H^O  =  7*30  per  cent. 
H  and  0-3891  gram  C0,=  50-12  per  cent.  C. 

III.  0-3830  gram  substance  gave  53-6  c.  c.  N  at  15-0°  C.  and 
762-5  mm  pressure  =  lC-71  per  cent.  N. 

Trans.  Conn.  Acad.,  Vol.  YIII.  19  Deo.,  1888. 
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IV.  0-2040  gram  substance  gave  41 '4  c.  c.  N  at  15*7**  C.  and  759*7 
mm  pressure  :=  16*72  per  cent.  N. 

V.  0*4572  gram  substance  gave  0*0080  gram  ash  =1*77  per  cent. 

VI.  0*5462  gram  substance  gave  0*0094  gram  ash  =  1  -72  per 
cent. 

VII.  Tlie  asli  from  1*00.34  grams  substance  gave  0*0116  gram 
BaSO^=0*J5  per  cent.  S. 

VIII.  0*:^;U3  gram  substance  gave  after  fusion  with  koh  +  kxo 
0*0:U5  gram  BaS()^=  1*29  per  cent.  S;  after  deducting  0*15  percent. 
S  of  the  ash  =  1*14  per  cent. 

IX.  0*4050  gram  substance  gave  after  fusion  with  koh  +  kxo 
0*0420  gram  HaSO^z=  J -4  2  per  cent.  S;  deducting  0*15  per  cent.= 
1*27  per  cent. 

Percent iuji'  vompoHttion  of  aah-frec  deuterojuyosinose. 
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The  asli  coiisist(Ml  only  of  calcium  phosphate  and  sulpliate,  with 
some  oxide  of  iron. 

Tills  is  as  far  as  we  have  bren  abb*  at  present  to  carry  our  study  of 
the  niyosinoses,  since  hetero  and  dysmyosinose  appear  to  have  l.)een 
present  in  the  iliujestions  only  in  very  small  quantity.  Myosin 
purified  by  alcohol,  as  was  the  ])reparati(>n  employed  by  us,  is  so  diffi- 
cultly <ligestible  that  it  is  attacked  only  by  the  most  energetic  pepsin 
mixture,  an«l  this  has  the  disadvanta<:ce  of  rapidly  converting  hetero 
and  protoproteo^e,  which  acttording  to  Xeumeister"'s  *  investigations 
are  t'orined  in  the  bei»;iniiing  of  di-j^estion,  into  the  deutero  body;  con- 
seqiu-ntly  in  the  present  instance  we  could  expect  a  large  amount  onlv 
of  denteromyosinose.  Correspoiidinu:  with  this  view,  we  obtained  for 
45  u'ranis  (A'  deuteroniyosinose,  only  10  grams  of  protomyosinose  and 
but '3  grams  of  hetero  and  dysmyosinose.  Further,  the  unavoidable 
loss  attendinii:  the  separation  of  these  bodies  was  j>robably  greater 
with  <leuteroniyosinose  tlian  with  the  oth(»rs.  Portions  of  the  fluid 
from  i\w  first  autl  second  di^j^estion,  tested  before  they  were  ui\ited, 
showed  also  a  dillerencr  in  that  the  lluid  from  the  first  digestion  c^- 
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tained  far  more  proto  and  dysmyosinose  than  the  latter,  which,  on  the 
other  hand,  was  particularly  rich  in  deuteromyosinose.  From  this  it 
is  evident  how  an  albuminous  body  can  in  one  sense  be  difficultly 
digestible,  in  that  its  solution  takes  place  slowly  and  its  primary 
cleavage  products  form  gradually,  and  yet  the  latter  be  further 
transformed,  under  the  continued  action  of  the  ferment,  far  more 
readily  and  completely.  Our  conception  of  digestibility  needs  there- 
fore to  be  broadened,  after  having  for  so  long  embraced  simply 
the  time  required  for  solution  of  the  proteid,  or,  in  the  case  of  pep- 
sin digestion,  the  hardly  attainable  extreme  of  complete  conversion 
into  peptone. 

On  comparing  now  the  results  of  the  analyses  of  myosin  and  the 
two  myosinoses  in  the  following  table, 

C 

Myosin 52*79 

Protomyosinose. .  _  52*43 
Deuteromyosinose .  50-79 

there  is  seen  to  be  only  a  small  difference  in  composition  between 
myosin  and  protomyosinose.  The  content  of  carbon  in  the  latter  is 
only  0*36  per  cent,  less  than  in  the  former,  that  of  nitrogen  0*06  per 
cent,  greater  and  oxygen  only  0*17  per  cent,  greater.  Between  deu- 
teromyosinose and  the  undigested  proteid,  on  the  other  hand,  there 
is  a  far  greater  difference  in  composition,  the  content  of  carbon  being 
1*82  per  cent,  less,  while  nitrogen  is  0*14  per  cent,  greater  and  oxy- 
gen 1-42  per  cent,  greater.  In  hydrogen,  both  myosinoses  show  a 
small  increase  over  myosin,  while  the  content  of  sulphur  is  practi- 
cally unaltered. 

That  portion  of  the  myosin,  which  was  apparently  not  further 
alterable  by  gastric  juice,  together  with  the  somewhat  large  neutral- 
ization precipitate,  we  attempted  to  digest  by  the  action  of  trypsin. 
This  was  only  partially  successful,  for  although  the  trypsin  solution 
consisted  of  an  extract  from  20  grams  of  dry  pancreas  in  2  litres  of 
0*4  per  cent,  sodium  carbonate,  and  the  proteid  matter  was  warmed 
with  it  at  40^*  C  for  six  days,  wo  were  not  able  to  bring  more  than 
half  of  the  material  into  solution.  The  digestive  fluid  behaved  some- 
what peculiarly,  in  that  with  a  certain  excess  of  acetic  acid  it  gave 
a  fine  pulverulent  white  precipitate.  After  removal  of  this  substance, 
the  solution  gave  no  turbidity  whatever  with  sodium  chloride,  or 
with  sodium  chloride  and  nitric  acid,  and  only  a  very  slight  one  with 
ammonium  sulphate  ;  hence  it  contained  no  myosinoses.  Peptone, 
however,  was  formed  in  considerable  quantity. 
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When  nickel  and  cobalt  were  first  discovered  they  were  sapposed 
to  be  possessed  of  decided  toxic  properties,  and  nickel  particularly 
was  looked  on  as  more  poisonous  than  copper.  Examination,  how- 
ever, oi  many  of  the  sapposed  cases  of  nickel  poisoning  led  to  the 
view  that  toxic  action  was  due,  mainly  at  least,  to  the  presence  of 
arsenical  impurities,  with  which  German  nickel  particularly  was 
known  to  be  contaminated.  Gradually,  therefore,  the  view  has  be- 
come widespread  that  nickel  and  cobalt  are  no  more  poisonous  than 
iron,  with  which  chemically  tliey  are  so  closely  related.  We  have 
not,  however,  been  able  to  find  many  very  definite  statements  re- 
garding their  physiological  or  toxic  action.  Blake  *  in  his  study  of 
the  relation  between  isomorphism,  molecular  weight,  and  physiolog- 
ical action,  places  the  sulphates  of  nickel  and  cobalt  in  the  same 
group  with  copper,  zinc,  iron,  etc.,  and  further  arranges  cobalt,  cop- 
per and  zinc  together  in  a  sub-group,  on  account  of  their  arresting 
the  action  of  the  heart  and  preventing  the  coagulation  of  the  blood. 
Nickel,  howovor,  is  placed  with  manganese  on  account  of  its  exert- 
ing a  marked  ifitiiienee  on  the  nervous  system.  As  to  the  intensitv 
of  their  physiological  action,  Blake  apparently  considers  nickel  and 
copper  of  the  same  strcijujtb,  while  cobalt  is  figured  as  one-twentieth 
stronger.  Hoth  salts,  however,  kill  by  arresting  the  action  of  the 
heart  and  in  lethal  a(;tion  cobalt  stands  first.f  Woodman  and  Tidy  t 
state  that  30  i^raiiis  of  the  oxide  of  cobalt  given  to  a  dog  proved 
fatal  in  a  U)\v  Innirs,  whilst  ;3  grains  of  the  sulphate  injected  into  a 
vein  proved  fatal  in  four  days.  With  nickel,  the  same  writers  state 
that  vomiting  is  freely  induced  in  a  dog  by  a  dose  of  20  grains  of 
the  sulphate,  whilst  lo  i^rains  injected  into  the  jugular  vein  will  de- 
stroy life  instantly.  Finally,  Brunton  and  Cash  have  found  that 
nickel  and  cobalt,  like  most  other  metallic  salts,  cause  slight  contrac- 
tion of  the  blood  vessels.^ 


*  Aiiioricriu  Journal  of  Scic'iico  and  Arts,  vol.  vii,  p.  194. 
f  Soe  ilninlon's  Pliurmacolo:;:/  aiul  Therapeutics,  p.  51. 
j:  ForLMisic  Mf.'thcliu*  and  Toxicology,  p.  ITl  and  p.  214. 
^I>runton'.s  Pharmacology,  p.  240. 
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Our  experiments  have  been  conducted  wholly  upon  rabbits,  the 
main  object  being  to  study  the  distribution  of  the  absorbed  poison. 
The  salts  used  were  chemically  pure  cobalt  and  nickel  nitrates,  dried 
over  sulphuric  acid.  They  were  administered  by  mouth  in  gelatin 
capsules. 

We  first  endeavored  to  gain  some  idea  of  the  relative  toxic  action 
of  the  two  salts.  For  this  purpose  two  rabbits,  weighing  2  kilos, 
each,  were  dosed  as  follows  : 

Experiment  I. 


Uabbit  A. 

Rabbit  B. 

Oct. 

1, 

10  a.m. 

0*150  gram 

Ni(NO,). 

0-150 

gram 

CO(NO,). 

1, 

4  p.m. 

0-102      »* 

0-100 

2, 

10  a.m. 

0150      ** 

0-150 

2, 

5  p.m. 

0101       *' 

0100 

8, 

9  a.m. 

0-200      ** 

0-200 

3, 

4  p.m. 

0-200      '• 

0-200 

4, 

9  a.m. 

0-251       " 

0-250 

4, 

5  p.m. 

0-250      ** 

0-250 

5, 

10  a.m. 

0-350      " 

0-350 

5, 

4  p.m. 

0-350      *- 

0-a50 

■  • 

6. 

9  a.m. 

0-500      " 

0-500 

4i 

6, 

3  p.m. 

0-500      *» 

0-500 

3-104  grams.  3-100  graniH. 

Both  rabbits  died  on  the  morning  of  the  7th,  apparently  from 
heart  failure.  The  urine  was  examined  each  day,  but  in  both  cases 
was  entirely  free  from  either  sugar  or  albumin.  On  the  3d,  the 
cobalt  rabbit  appeared  troubled  with  involuntary  micturition  and 
defecation,  and  on  the  5th  there  was  quite  pronounced  partial  paral- 
ysis of  the  hind  quarters.  The  appetite  remained  good  up  to  the 
6th.  On  the  6th  instant,  after  administration  of  500  milligrams  of 
the  cobalt  salt,  there  was  a  loose  diarrhoea  continuous  till  death,  de- 
cided paralysis  of  the  hind  legs,  total  loss  of  appetite  with  a  decided 
lowering  of  the  body  temperature.  After  death,,  the  body  weight 
was  found  to  have  diminished  three-fifths  of  a  kilo.  With  the  nickel 
rabbit,  there  was  no  diarrhoea  whatever  and  the  paralysis  of  the 
hind  legs,  visible  on  the  Gth,  was  not  as  pronounced  as  with  cobalt. 
The  loss  of  body  weight  was  the  same  as  in  the  cobalt  rabbit. 

On  post-mortem,  the  only  noticeable  abnormal  feature  with  either 
cobalt  or  nickel  was  a  slight  congestion  of  the  lining  membrane  of 
the  stomach  and  intestines.  The  stomach,  however,  was  found  full 
of  undigested  food,  as  if  the  salt  had  interfered  with  the  digestive 
process. 
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It  is  thus  seen  that  neither  the  cobalt  or  nickel  salt  can  be  called  a 
violent  poison,  since  comparatively  large  amounts  are  required  to 
produce  a  toxic  effect,  and  even  then  the  action  is  somewhat  slow. 
This  is  still  more  clearly  seen  in  the  next  experiment. 

Ktpenment  Jly  with  cobalt. 

A  vigorous  black  doe,  weighing  2  kilos.,  was  dosed  as  follows  : 

CVt.     S, 0-2<M)  gram  cobalt  nitrate. 

t), Kvms    •• 

10 0-0(M»  »'  »•  *• 

11 0'7(K)  »' 

lt> 0-2.">(>  *'  •'  •* 

18, 0-2r)()  **  *»  '* 

14 0-250  **  "  *' 

15, 0-550  **  **  ** 

**       1«, l-(KH)  '* 

17, 1-54M)  **  **  ** 

IS 2000  ** 

7-700  grams. 

The  animal  died  on  the  10th,  of  heart  failure.  On  the  lltb,  when 
7  decigrams  of  the  salt  were  given,  the  animal  appeared  sickly,  with 
loss  of  appetite,  high  rectal  temperature,  etc.,  but  by  dituinishing 
the  dose  of  cobalt  the  animal  rapidly  recovered.  On  the  I7tb,  how- 
ever, with  increase  in  the  dose  of  salt  there  was  diarrha»a,  with  a 
sliglit  indication  of  paralysis  of  the  extremities.  At  no  time  did  the 
urine  contain  either  sugar  or  albumin.  There  was  a  decided  loss  of 
body  weight,  nearly  one-third.  On  post-mortem,  the  stomach  and 
small  intestines  were  found  somewhat  inilamed,  and  the  liver  showed 
siixns  of  a  slinrlit  fatty  de<:jeneration. 

Immediately  on  the  death  of  tln^  animal  the  internal  organs  were 
removed  and  the  absorbed  cobalt  determined. 

The  metho<l  of  analysis,  both  for  cobalt  and  nickel,  was  as  follows: 
The  finely  divided  tissue  was  oxidized  with  dilute  hydrochloric  acid 
and  potassium  chlorate,  after  the  usual  method.  From  the  solution 
so  obtaineil,  chlorine  was  removed  by  evaporation,  the  fluid  made 
alkaline  with  ammonia  and  the  cobalt  or  nickel  precipitated  by  a 
stream  of  hy<lrogen  suli)iride  gas.  The  washed  sulphide,  after  igni- 
tion, was  then  dissolved  in  nitro-liydrocrhloric  acid,  the  free  acid  en- 
tirely removed  by  lieat  and  the  chloride  converted  into  sulphate  bv 
addition  of  concentrated  snljjhuric  acid.  Ultimately,  the  sulphuric 
acid  solution  of  sulphate  was  diluted  somewhat  with  water,  made 
strongly  alkaline  with  ammonia  and  the  metal  separated  by  elec- 
trolysis. 
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Following  are  the  amounts  of  absorbed  cobalt  found  in  experi- 
ment II : 

Total  weight  Welf  ht  Co  per  100 

of  organ.  of  Go.       grams  of  tiasue. 

grams.  milligrams,     milligrams. 

Stomach  and  contents.  81*75  67-5  70-34 

Small  intestines 43-90  18-8  81-44 

Large  intestines 26-40  40-2  15210 

C«cum 154-00  802*5  196-43 

Liver -..-     4575  8-9  1943 

Kidneys 10-30  lost 

Heart 8-80  0-7  7-95 

Lungs 5-82  0-9  15-46 

Muscle  of  legs 100-00  1-9  1-90 

Muscleofback 2745  15  5-46 

Brain 8-75) 

Spinal  cord 3-63  J  "*  ^^ 

Considering  the  large  amount  of  cobalt  nitrate  administered,  the 
extreme  solubility  ol  the  salt,  and  the  length  of  time  intervening 
between  the  first  and  last  dose,  it  is  somewhat  surprising  that  the 
amount  absorbed  was  not  greater.  Evidently  a  large  portion  of  the 
cobalt  passes  directly  through  the  alimentary  canal,  probably  com- 
bining with  the  proteid  matter  of  the  food  to  form  an  insoluble  and 
indigestible  compound. 

Experiment  Illy  with  nickel. 

A  black  and  white  doe  of  4  kilos,  body  weight  was  dosed  as  fol- 
lows : 

Oct.  15, 0-200  gram  nickel  nitrate. 

'*    16, 0-400      '*  ** 

'*    17, 0*600      '*  *'  '' 

-    18, 0-800      *'  " 

•'    19, 0-500      " 

2-500  grams. 

On  the  morning  of  the  20th,  the  animal  was  found  dead,  the  only 
noticeable  symptoms  having  been  general  weakness,  loss  of  appetite 
and  diarrha^a.  The  loss  of  body  weiglit  was  quite  pronounced, 
amounting  in  the  six  days  to  1-4  kilos.  The  urine  was  entirely  free 
from  albumin  and  sugar.  There  was  a  little  inflammation  of  the 
stomach.  In  this  experiment,  the  toxic  action  would  appear  to  have 
been  greater  than  that  of  tlie  cobalt  in  the  preceding  experiment. 
The  distribution  of  the  absorbed  poison  was  as  follows : 
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Total  weight 
of  organ. 

grains. 

Stomacli  and  contents 115 '00 

Small  intestines 67*87 

Large  intestines 37*45 

Cteoum 190-00 

Liver 8750 

Kidnevs      1885 

Heart 8-90 

Liin>j^ 14-15 

Muscle  of  lepj 392MH) 

Muscle  of  back 129(H) 

Brain 875 

Spinal  cord 500 

Spleen 2*00 


Weight  of  NL 
milligrama. 

12-2 
11-4 

3-9 

9-4 

5-1 

0-8 

1-8 

0-9 

1-2 

8-8 

21 

10 

0-6 


Nl  per  lOOgYBBii 
of  tlMra«. 

inllllKz«mf. 
10-68 
16-88 
lp-41 

4-95 

6-88 

4-24 
14-60 

6-36 

0-41 

2-95 
24-00 
20-00 
30-00 


The  amount  of  nickel  found  in  the  alimentary  tract  is  naturally 
not  so  large  as  in  the  case  of  cobalt,  where  the  final  doses  were  larger 
and  the  diarrhoea  not  so  bad.  Of  the  absorbed  nickel,  the  distriba- 
tion  is  essentially  the  same  as  with  cobalt.  The  amount  in  the  kidneys 
and  liver  is  not  as  large  as  would  be  expected  from  the  size  of  the 
doses  and  the  soluble  character  of  the  salt.  It  suggests  that  only 
a  small  portion  of  the  salt  given  is  absorbed,  and  that  elimina- 
tion goes  on  with  comparative  slowness.  Quite  striking  is  the 
peculiar  distribution  of  the  nickel  in  the  muscle  tissue,  tlie  amount 
in  the  muscles  from  the  hack  being  seven  times  as  large  as  in  the  leg 
muscles.  Th<'  sarnc  jMHJuliarity  is  likewise  noticeable  with  cobalt. 
Also  noticeable  is  the  comparatively  large  amount  in  the  brain  and 
spinal  cord,  inoreoftlie  poison  in  pr(»porlion  to  the  weight  of  the 
organ  being  found  here  than  in  either  the  liver  or  kidneys. 

E.r}Hriine)it  IVy  with  cobalt  and  nickel. 

In  this  cxpcrinienl,  two  rabbits  of  approximately  the  same  body 
weight  were  dosed  with  nickel  and  cobalt  respectively  as  follows  : 


Xov.  1, 


liabhit  A. 
0-J(K)Krani  (H)(XO,).. 


.»     •) 


o-i.io 

i » 

:i. 

O-J.Vl 

»  • 

4, 

0}()(» 

•  k 

o. 

o-L^on 

i  k 

(5. 

Osoo 

•  • 

< . 

o-ono 

•  ( 

H. 

0 

i  ft 

2-550 

grams. 

Rabbit  B. 

0-200  Kram  Ni(NO,).,. 
0-350 


0-*J(K) 

omw) 
0'r)00 
o-aoo 

O'HOi) 

o-noo 


(( 


(4 


<» 


H 


kt 


n 


3*150  grams. 
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Both  animals  were  found  dead  on  the  9th.  In  the  cobalt  rabbit, 
the  stomach,  lungs,  kidneys  and  brain  were  found  more  or  less 
congested  and  there  was  considerable  diarrhcea  before  death.  In  the 
nickel  rabbit,  there  was  no  diarrhoea  and  but  little  congestion.  Rec- 
tum was  found  full  of  hard  faeces. 

Following  is  the  distribution  of  the  poison  in  the  two  rabbits. 


Rabbit  A,  cobalt. 

Total  weight 
of  organ. 

grams. 

Stomach  and  contents 76*65 

Small  intestines 58*70     ■ 

Large  intestines 20*10 

Caecum 108*00 

Liver 91*08 

Kidneys 1355 

Heart 13*37 

Lungs 9*62 

Muscleoflegs 196*00 

Muscle  of  back 95*85 

Brain 8*87 

Spinal  cord 4*95 


Weight  of  Co. 
milligrams. 

10*8 

Co  per  100  grams 
of  tissue. 

milligrams. 
14*09 

7*5 

12*77 

i0*9 

54-23 

50*5 

46*76 

3*3 

3*62 

0*8 

5*90 

0*9 

6*73 

1*3 

18*50 

1*2 

0*61 

1*7 

1*77 

1*2 

13*53 

0*9 

18*18 

Rahbit  B,  nickel. 

Total  weight 
of  orgaD. 

grams. 

Stomach  and  contents 64  80 

Small  intestines 52*30 

Large  intestines 12*10 

Liver 70*00 

Kidneys 11*20 

Heart 6*72 

Lungs 7*92 

Muscle  of  leg 157*00 

Muscle  of  back 82*00 

Brain 9*00 

Spinal  cord 3*98 


Very  noticeable  in  both  of  these  results,  as  in  the  preceding  ex- 
periments, is  the  comparatively  large  amount  of  poison  in  the  brain 
and  spinal  cord,  also  the  same  relative  distribution  in  the  muscle 
tissue  of  the  legs  and  back  previously  commented  upon.  The  large 
amount  of  poison  in  the  lungs  and  heart,  as  contrasted  with  the  liver 
and  kidneys,  is  also  quite  noticeable. 

Trans.  Conn.  Aoad.,  "Vol.  VIIL  20  Deo.,  1888. 


Weight  of  Nl. 
milligrams. 
18*4 

Ni  per  100  grams 
of  tissae. 

milligrams. 
28*39 

2*0 

3*82 

2*0 

16*53 

5*6 

8*00 

0*8 

7*05 

0*8 

11*90 

2*1      ' 

26*51 

1*1 

0*70 

2-0 

2*44 

1*2 

18*33 

1*7 

42-71 

154  B.  IT.  Chittenden  and  C.  Nbrris—The  Relative 

Ky^tcriment    V^  with  nickel. 

In  this  experiment,  1*8  grams  of  nickel  nitrate  were  given  hy 
mouth  tluring  five  days  to  a  rabbit  of  1*5  kilos,  weight,  tlie  individual 
doses  being  of  about  the  same  size  as  in  preceding  experiments.  On 
the  sixth  day,  the  animal  died  of  heart  failure.  Following  is  the 
distribution  of  the  poison. 

Toi  al  w  piKht  N 1  per  lOU  y^%m^ 

of  or^an.  WelK^tt  uf  M.  of  tlssnr. 

firrain!*.  milllgraina.  mlUii^TmiDB. 

Stomach  and  contents 73(H)  8*2  4*88 

Small  intestines 59*10  1*8  3-04 

LarKt^  intestines 36-40  9*9  27-30 

( Janium 17600  86*5  +  20-74  + 

Liver 5800  81  18-96 

Kidneys 10*27  0*8  7-79 

Heart 7*42  1-3  16-63 

Lungs 6*52  0-2  8-06 

Muscle  of  less 97-30  2*6  3-67 

Muscle  uf  back 35-00  8*7  10-57 


ExjycriiHent  TT,  with  cobalt. 

In  this  experiment,  an  attempt  was  made  to  ascertain  something 
regarding  the  elimination  of  the  cobalt  through  the  kidneys.  For 
this  pur[>ose,  the  urine  was  collected  each  day  and  the  cobalt  deter- 
mined by  tlie  saini'  method  as  use<l  in  tlie  analysis  of  the  ortjjans. 
Tlie  rabbit  (body  weiii^ht  l"")  kilos.)  was  dosed  as  follows  : 


Nov. 

27, 

O-lOO^- 

ram  (X 

•  b 

'J8. 

O-^MMJ 

ft  ft 

ft  k 

•Jl). 

(1 

k  ft 

ft  ft 

:J0, 

(»■:;(*() 

»  ft 

Dec. 

I. 

n-2(M) 

•  ft 

•  % 

0 

ft  ft 

k  k 

:J, 

O-llM) 

ft  » 

K    ft 

1. 

()--]0(> 

»  ft 

•    « 

•'). 

U'-lIM) 

•  • 

ft 

(5, 

0  -lOO 

ft  k 

ft    ft 

i . 

OlOO 

•  ft 

ft    ft 

H, 

(>:)0n 

t  » 

(    ft 

\). 

0 

•  ft 

•    ft 

10. 

0  •.■,()(  1 
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Kvamittdtion  of  the  24  honrn  ttrhie. 
30  c.e.  contained  1*3  niilligtams  C'o. 
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Absorption  of  Nickel  and  Cobalt,  155 

The  animal  died  on  the  12th.  On  the  last  day,  15  c.  c.  of  thick,  dark 
brown,  viscid  urine  were  voided  which  contained  1*8  milligrams  of 
cobalt.  T'lS  grams  of  fwces  excreted  during  the  last  24  hours  were 
found  to  contain  about  100  milligrams  of  cobalt.  Obviously  a  large 
amount  of  the  cobalt  passes  directly  through  the  alimentary  canal, 
while  of  the  absorbed  portion  considerable  is  eliminated  through]  the 
urine,  much  more  indeed  than  the  small  amounts  found  in  the  kidneys 
would  appear  to  warrant. 

On  analysis  of  the  organs  of  this  rabbit,  the  following  results 
were  obtained : 

Total  weight  Co  per  100  grams 

of  organ.  Weight  of  Co.  of  tlssae. 

grams.  milligrams.  milligrams. 

Liver 6600  26  3-94 

Spleen 0*40  0-5  125-00 

Kidneys 15-30  0-5  327 

Heart... 10-78  01  0*93 

Lungs   7-02  10  14-24 

Muscle  of  leg 140-00  9-8  7-00 

Muscle  of  back 130-00  4-7  361 

Brain 835  1-5  17-96 

Spinal  cord 4-10  2-0  48-78 


Here,  as  in  many  of  the  preceding  cases,  the  lungs  contain  a 
higher  percentage  of  the  poison  than  either  the  liver  or  kidneys, 
while  the  brain  and  spinal  cord  contain  a  still  higher  percentage. 

Witli  this  rabbit,  convulsions  were  noticed  shortly  before  death 
and  the  breathing  was  very  labored,  as  if  the  respiratory  muscles 
were  affected. 

An  experiment,  similar  to  the  preceding,  tried  with  nickel,  led  to 
a  like  result  as  regards  the  elimination  of  the  poison.  The  first  24 
hours'  urine  (25  c.  c.)  contained  1-6  milligrams  of  nickel,  while  the 
portion  (70  c.  c.)  passed  during  the  24  hours  preceding  death  con- 
tained 8-1  milligrams  of  the  metal.  Further,  3-5  grams  of  faeces 
excreted  during  the  last  24  hours  contained  17*5  milligrams  of  nickel. 

It  is  obvious  from  the  foregoing  that  soluble  nickel  and  cobalt 
salts  are  possessed  of  decided  toxic  properties,  but  that  their  poison- 
ous action  is  somewhat  slow  and  manifested  only  when  compara- 
tively large  amounts  of  the  salts  are  administered.  Further,  so  far 
as  our  experiments  show,  the  two  salts  act  very  much  alike.  Both 
apparently  cause  death  by  stopping  the  action  of  the  heart  and  also 
produce  more  or  less  disturbance  in  the  alimentary  tract,  interfering 
with  digestion,  producing  more  or  less  inflammation  of  the  mucous 


Tiu-mliraiH"  <»!'  the  siuniarli  arnl  iiiti'stiiic**,  ami  <*ausing  a  more  or  lc<> 
|it*rsi>ttiit  •linn'liii'-i.  rnliki'  uraniinu,  tlirsr  <n]is  liavr  no  a|»|)areiit 
ac'lion  on  tin-  kiiliirvs  M*  Iiv<r,  siM-tions  <i1"  lianliMHil  tissue  from  these 
ori^aii^i  slii'wiiiLr  ih»  ••Iiaiiirc  of  striH'liiro.  Fiirtlirr,  in  every  case  the 
iirin*'  of  ilir  poisoiH'il  animal  wa<  eiiliri'ly  IVih*  from  siii^ar  aii«l  allni- 
rniii  tliroiiLrlMnit  tin-  fxinrimcnl.  IJotli  »jalt»»  tcml  to  ]irocluee  a  par- 
tial paraly^i-  t»f  the  i'Xlreiiiili«s,  mtue  |ironoiinre(l  possibly  with 
e*)halt  tliaii  wilh  nickel.  They  t-uWr  the  circulation  quickly,  are 
rapi«lly  <lisirihut<*<l  to  all  parts  of  the  hoily  and  are  in  t\irn  more  or 
liss  rapi«ll\  « iiminatiMl  hy  the  kiilm-ys.  C'onsiilerahle,  however,  evi- 
dentlv  pas'^os  iliriM-tlv  ihrouLrh  tin?  aliuu-ntarv  tract  and  is  excreted 
throuLrh  IIm'  Immm's. 

l>oth  saltN  apprar  to  raise  the  ijiternal  body  temperature  quite 
di'ciihMlly,  the  riM'tal  tempi'rature  risini;  even  two  or  three  degrees 
eentiirratle.  The  hloo«l  vessels  of  the  I'ars,  on  the  contrary,  quickly 
become  const rieteil  under  the  intbienee  of  the  salts,  and  the  ears  ap- 
pear white  and  "piite  eoM. 

The  storaire  power  <d'  the  individual  origans  Ir  somewhat  peculiar. 
The  spinal  eord  and  brain,  in  the  majority  of  the  experiments,  stand 
tir>t  in  their  )>ower  of  iiiekin^r  np  and  retaining  the  nickel  and  cobalt. 
This  is  in  ejose  ai'cord  with  what  has  alreadv  been  found  with  sola- 
hie  fiHin-- of  ar^ieiiie.*  and  more  nM-ently  with  strychnine  sulphate-f 
If  wKiild  li:i\e  Imiii  intip'stinir  in  this  e«inneetion  to  have  ^een 
wlnil:«'i'.  :i-  uiih  ■.ir--iiii-.  tin*  fnmi  of  the  poison  modifies  the 
n'l:iii\  ••  ;i!ii'»ii!;'  mIi-.-iIm.!  by  i  In-  )»rain  and  spinal  cord,  but  this  we 
di'l  not  li;i\«-  liiiH-  i«»  ii"\.  ALTain.  a-;  wilh  soluble  forms  of  arsenic, 
ih"'  niii-i'l»-  li-.-U'-  -li'iw-  in  '-•■\iral  i'f  llie  e.\p«'riments,  as  Nos.  V  and 
\'l.  a  maiki'l  .itlinif  \  U^v  iiiik«'l  .-nid  i-i.bali,  n-tainini^  a  larger  percent- 
.M"i-  nt  t|k-  iijit:i!-  tii.iis  «-iilier  ih«'  li\«  r  t»r  kidiievs.  Still  more  notice- 
:il»!c-,  ill  :j1I  i.j  tin-  •  xpt  ^l!IM■lll•^  Imji  one,  is  ihr  niu<*h  larger  amount  of 
p«»i''t»n  ill  I  h'  mii-i|«-~  .if  ilie  \r.u-k  than  in  llie  museh?s  of  the  leg;  a 
eon<iant  liitV'-niii-f  iMM-iirrin-i^  in  a  ti^»iH'of  the  >ame  kind,  and  h 
i-\pl:iin;ib|i'  ..II  il.r  '^i"!!!!-!  tif  dilV'i-«iMM'  in  Nasenlarity.  A  soip 
••ifiiilar  di-i  ril'Ui i"ii  n\'  iii-cfiii"  in  ih.-  ninseh*  tissue  was  (•■■ 
•  iiic  'ii"  !|^  .1  ii  w   ". .  M"  :i_i.i  ill  .111  Ml"-'  iii«-.i'  p-'i'-nn  easi.'.J 

*  '  ..  -:■  .  '.  '  ■  .1...:!...!.  '.••l.  ..  1-.  -  .li-ii  Minlirs  from  I^il 
i"  -■.....-■  •.■■:■■■  I :.  .-•:.-;■  I!,  r.i.ll.'tin  «lf  la  StK.'iel' 
.•    I-:!-  .            ■  .           ;  : 
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Another  striking  feature  in  the  storage  of  nickel  and  cobalt  by 
the  tissues,  is  the  comparatively  large  amount  retained  by  the  lungs 
and  heart,  the  amount  found  in  these  organs  generally  exceeding  the 
amounts  stored  up  in  the  liver  and  kidneys. 
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CoDiplimentfi  of  R.  H.  ChUtendeu. 
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